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FO R E W O R D
The papers delivered a t  th e  Symposium  of Lim nology of Shallow W aters 
held betw een 3rd—8th, Septem ber 1973 a t  th e  Biological R esearch In s titu te  
of th e  H ungarian  Academ y of Sciences, in T ihany a t  L ake B alaton  deal 
w ith problem s interesting not only for hydrobiologists b u t also for o ther 
biologists engaged in the  field of environm ental research. The In terna tional 
Biological Program m e stim u lated  d irectly  or indirectly  certain  of th e  
contributions presented here, draw ing a tten tion , particu larly , to  the  problem s 
of freshw ater ecosystems. A fu rth e r program m e supported  by in terna tional 
au thorities, called Man and  Biosphere (MAB) strongly hopes for th e  con­
tin u a tio n  of these investigations. Our jo in t aim in publishing this m aterial 
is to  m ake available the  results discussed a t  our m eeting to  a wilier scientific 
com m unity, in the  earnest desire th a t  it will con tribu te to  b e tte r  inform a­
tion  concerning la te s t results as well as to  the  stim ulation  of fu rth e r research 
on th e  present life of standing  w aters endangered by  th e  m any harm ful 
factors of our age.
The H ungarian  Academ y of Sciences deserves special g ra titu d e  for th e  
financial support of the  Symposium. We also wish to  express m any thanks 
to  all contribu tors and  to  our colleagues for th e ir help in organizing the  
Symposium  and  for th e ir technical assistance in preparing th is volume, 
especially to  Drs P . Biró, S. H erodek, J .  Oláh, N óra P .-Z ánkai and  Mrs. 
J u d ith  K om árom i.
The Editors
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Sym p. Biol. Hung., 15, p. 15 (1975)
O PE N IN G  A DD RESS
by
J .  S a l á n k i
DIRECTOR OF TH E BIOLOGICAL RESEARCH IN ST IT U T E OF TH E HUNGARIAN 
ACADEMY OF SCIENCES, TIHANY, HUNGARY
Ladies and  Gentlem en, dear Colleagues,
I t  is a  g reat pleasure for me to  welcome th e  p artic ip an ts  of the  Sym posium  
on Lim nology of Shallow W aters, here a t  the  Biological R esearch In s titu te  
of th e  H ungarian  A cadem y of Sciences.
As you probably  know, one of the  reasons for founding th is In s titu te  a t  
the  shore of L ake B a la to n —th e  largest lake in C entral E u ro p e—was to  
enable intensive investigations on the  biology of the  lake to  be carried out. 
Over the  p as t 46 years extensive research has been done a t  th e  D ep artm en t 
of H ydrobiology, and  up to  now some five hundred  papers have been publish­
ed on th e  flora and  fauna of th e  B alaton  and  also on various problem s con­
cerned w ith its  system atics, ecology, production  and  pollution. These p a ­
pers have m ainly appeared  in  the  annual journal ‘Annales In s ti tu ti  B iolo­
gien (T ihany)’.
As a resu lt of a growing in terest in environm ental biology th ro u g h o u t 
th e  world during th e  p as t several years our work on hydrobiology has also 
been intensified. W e feel th a t  in addition  to  extensive investigations, 
th e  developm ent of in ternational cooperation and m utual discussions in 
th is field are also of param oun t im portance for more profitable research. 
I t  is for th is reason th a t  our In s titu te  decided to  organize th is  m eeting and 
we are very  glad th a t  you accepted our inv ita tion  bo th  to  a tte n d  and  to  
p resen t papers.
In  th e  hope th a t  th is Symposium will be successful b o th  from  th e  scien­
tific view point and  in prom oting fu rth e r personal con tac t betw een th e  
partic ipan ts , from  m any p a rts  of the  world, I  welcome you once again, 
wishing you interesting and  absorbing lectures, fru itfu l discussions and  
pleasant, sunny  days a t  th is beautifu l p a r t of H ungary.
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Sym p. Biol. H ung., 15, p. 17 (1975)
W ELCOM ING ADDRESS
by
B .  ZÓLYOM I
M EM BER OF T H E  HUNGARIAN ACADEMY OF SCIENCES, D IRECTOR OF TH E 
IN ST IT U T E OF BOTANY OF T H E  HUNGARIAN ACADEMY OF SCIENCES, 
VÁCRÁTÓT, HUNGARY
Ladies and  Gentlem en,
It. is an  extrem ely  great honour for me to  welcome you on behalf of the 
Biological Section o f the  H ungarian  Academ y of Sciences.
On th e  occasion of th is Symposium  let me m ake some prelim inary 
rem arks.
The problem s of hum an environm ent (na tu ral and  artificial) are un iver­
sally o f cu rren t in terest. I t  is for th is reason th a t  a scientific approach to  
these problem s is of extrem e im portance.
I t  is w orth  m entioning th a t, e.g. the  MAB (Man and  Biosphere) p ro ­
gram m e, i.e. the  scientific program m e of UNESCO, is a t  th e  same tim e 
global and  regional, a t  th e  governm ental and  non-governm ental levels. P ro ­
gram m e 5 on th e  ‘Ecologie effect of hum an activ ities on th e  values and  
resources of lakes, moors, rivers, deltas, estuaries and  costal zones’ m ay 
also be of in terest. The H ungarian  Academy o f Sciences has established, 
a.o. a  research pro ject on the  ‘P ro tection  of m an and  his n a tu ra l environ­
m en t’. This plan having been ad ap ted  to  the  MAB program m e is sim ulta­
neously concerned w ith terrestria l and  aquatic  ecosystems.
A highly alarm ing deterioration  of th e  environm ent results from  pollution 
in general, particu larly  from  th e  contam ination of rivers and  lakes. Shallow 
w aters are m ost strongly  affected by  th is process. This is th e  reason why, 
in m y opinion, this Symposium  is of special im portance.
On behalf of th e  H ungarian  Academ y of Sciences I  wish you fru itfu l 
work.
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Sym p. Biol. Hung., 15. pp. 21-27 (1975)
R E L E A SE  OF PLA N T N U T R IE N T S FROM  R E E D  B O RD ERS 
AND T H E IR  TR A N SPO RT INTO T H E  O PEN  W ATERS 
O F TH E B( )D E N SE E -U N T E R SE E
by
R . S c h r ö d e r
LA NDESSTELLE F U R  G EW ÄSSERKUNDE UND W ASSERW IRTSCHAFTLICHE PLANUNG,
IN SE L REICH EN A U , FRG
L ake Constance, the  second largest lake in the  region of th e  Alps, has a 
surface area of 540 km 2 and  a  m axim um  dep th  of 252 m. I t  m easures 
abou t 69 by  15 km, its to ta l w ater volum e being 49.3 km 3.
The lake is divided into tw o p a rts  which are connected by  th e  Seerhein 
a t  the  c ity  of Constance. The sm aller p a r t, th e  U ntersee, is only 66 km 2 
large, its  m axim um  dep th  is 46 m, while th e  average dep th  covers 28 m. 
The U ntersee is an  originally eutrophic lake with broad litto ra l zones and  
a circum ference being 3.2 tim es g reater th an  a  circular area of equal ex ten ­
sion; there  are tw o peninsulae and  one island.
L ake Constance receives its w ater m ostly from  th e  Alps where it is 
p a r tly  bound as snow and ice during w inter-tim e to  be released in spring 
and sum m er. In  th e  sam e period th e  g reatest p recip ita tion  also occurs in 
a  w atershed of nearly  11,000 km 2 (6,560 km 2 belonging to  the  Rhein). 
This is th e  reason why th e  lake level varies w ith a m ean am plitude of abou t 
1.5 m. From  tim e to  tim e, extrem ely  high w ater levels occur which cause 
devasta tion  to  agriculture and villages. To cu t th e  peaks o f extrem ely  high 
w ater levels and to  provide the  ship-traffic on th e  outflowing R hein  w ith a 
more or less equal q u an tity  of w ater, a pro ject is being form ulated  to  regulate 
the  outflow. This m eans a change of the  flow ra te  in the  lake and an  a lte ra ­
tion of th e  seasonal a ltitu d e  o f the  level of the  U ntersee. The proposed 
annual line of th e  lake level would be some centim etres higher th an  a t 
present w ith an  additional change in the  form  of the  lake. The spring rise 
would arrive earlier with a higher level in au tum n. In general, more land 
would be flooded. As the  shores of th e  U ntersee are ra th e r flat, one cen ti­
m etre in the  a ltitu d e  of the  lake level corresponds to  12.45 ha, which is 0.7 
per cent of the  area w ithin the  annual tidal range.
These reflections in itiated  the  investigation of the  eu trophying p a r t  of 
the  litto ra l zone, though it was clear th a t  its  effect could be only of m inor 
im portance com pared w ith the  eutrophying inflow from  sources of civili­
zation.
How high is the ra te  of p lan t n u trien t release from the  zones being s itu ­
a ted  in the  range of th e  possibly regulated  lake level? These areas in the  
U ntersee are m ostly covered with reed (Phragmites communis). Among 
th e  p lan ts plastic cylinders were exposed which enclosed one-th ird  m 2 of 
the  lake bo ttom  and 100 to  200 litre  of lake water. They were closed on 
top. T em perature and  oxygen were m easured and  daily  w ater sam ples 
were tak en  a t  9 a.m . The sam ples were im m ediately exam ined.
The concentrations of dissolved phosphorus in th e  surroundings of th e
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cylinders were between 5 and 79 /zg per litre for to ta l P , and  2 and  70 /zg per 
litre  for P 0 4-P. They were th e  ‘b lanks’ for th e  experim ents in which daily 
changes were m easured. The daily  changes varied  synchronously in the 
th ree cylinders so th a t  th ey  could be caused by ex ternal influences only. 
The cylinders being translucen t, a  p a r t  of th e  released P  could im m ediately 
be consum ed by  assim ilation. This is confirmed by th e  concentration of the 
dissolved oxygen, which followed the  same trend . The m etabolism  in the 
cylinder depending on light in tensity , phy top lank ton  concentration and 
bacterial activ ities is highly com plicated and  needs special investigations. 
W e exam ined th e  o u tp u t of th e  ‘black box’, which is th e  am ount of released 
m aterial m inus th e  p a r t im m ediately incorporated  in to  biomass w ithin 24 
hours. This is also the  daily  ra te  ac tua lly  passing into the  lake water. 
From  all experim ents th e  average ra te  of released phosphorus is 4.4 mg 
per m2 ' day, 90 per cent o f which appears in th e  form  of P 0 4-P (Table 1).
TA BLE 1
D a ily  rate of released phosphorus and m ineral nitrogen in  11 experim ents
8 th - l l t h
June
13 th -18 th
June
2<th-29th
June
29th J u n e -  
5th Ju ly
8 th - l2 th
Ju ly
12 th -16 th  Ju ly
Total P -1 .0 1 +  1.24 +  7.57 +  0.52 +  5.95 +  15.05
po 4-p -0 .4 6 +  0.06 +  4.84 +  0.14 +  6.11 - f - 13.47 m g/m 2 • d
N  m in. +47.34 +  11.58 +  6.38 -2 3 .42 +  21.02 +  17.08
1 6 th -19 th
Ju ly
26th—30th 
Ju ly
30th Ju ly — 
3rd August
3 rd -7 th  
August
7 th -1 3 th  
August
average
8 th  Ju n e -1 3 th  August
Total P +  9.48 +  0.91 +  5.14 +  2.62 +  1.94 + 4 .4
po 4-p +  7.35 +  1.07 +  5.28 +  3.48 +  1.87 -[-4.0 m g / m 2 • d
N  m in. +  14.02 +  4.54 +  52.66 -3 .0 0 +  1.03 +  8.05
In  th e  experim ent lasting from  8th  to  11th Ju n e , th e  am ount of P  de­
creased, i.e. assim ilation bound more P  th an  had  been released by the  
bo ttom  during th e  same period. A fter the  experim ent it was observed th a t  
th e  cylinder was exposed on a stony  ground being covered only w ith a th in  
layer of organic m aterial.
In  four experim ents (8 th -12 th  and  26 th -30 th  Ju ly , 30th Ju ly -3 rd  A ugust 
and  3 rd -7 th  A ugust), th e  daily  increase of P 0 4-P was g reater th a n  th a t  
of to ta l P . E ith e r th e  last stage of P -m ineralization ran  faste r th a n  the 
previous stages, or th e  P(J4-uptake by p rim ary  producers was less in th is 
tim e th an  in the  o ther experim ents. There was no correlation w ith th e  light 
conditions. Therefore, i t  can be assum ed th a t  th is  is due to  th e  density  
of th e  p h y top lank ton  population  as confirmed by the  m easurem ents of 
its chlorophyll content.
The to ta l concentration of m ineral nitrogen-com pounds (NH4 +  Ж )2 +  
+  N 0 3-N) in general increases during the  experim ents, on th e  average 
by 8.05 mg per m2 • day. As oxygen concentration generally decreases,
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th e  relationship betw een N 0 3-N and  N H 4-N shifts tow ards am m onia. 
Therefore, th e  experim ent was stopped  when oxygen concentration reached 
approx. 1 mg per litre, a m inim um  value under n a tu ra l conditions in the  reeds. 
F igure 1 dem onstrates tw o experim ents under different w eather conditions. 
In  th e  first case, oxygen and  n itra te  concentrations decreased w ith am m onia 
increasing. The to ta l concentration of N  increased from  931 to  1,607 fig 
per litre  in th ree days. The w eather was bad  w ith an  overcast sky. In  the  
second case, the oxygen concentration did  n o t fall very  m uch, w ith a  rise 
tow ard  the  end of th e  com plete experim ent. The am m onia curve re tu rned  
to  the in itia l po int a fte r small variations. The n itra te  concentration rose from
F ig . ]. E x p e r im e n ts  w ith  d e c re a s in g  a n d  v a ry in g  o x y g e n  c o n c e n tra t io n
252 to  410 jug per litre. The released nitrogen consisted prim arily  of n itra te - 
compounds. The to ta l am ount of these N-com pounds increased from  385 
to  540 fig per litre in five days. This experim ent was m ade in favourable 
w eather conditions. In  these processes also th e  com position o f the  soil, bac­
teriological conditions and  the  k ind  of w ater m ight p lay  an  im portan t role.
W here do the  released substances come from ? In  the  reed area several 
sedim ent cores were taken  and  th e  in te rs titia l w ater was analysed. A con­
cen tra tion  of dissolved to ta l phosphorus ranging from 20 to  410 pg per litre 
(mean 130 fig per litre) was found, abou t 50 per cent of which was P 0 4-P. 
In  general, th e  concentration in th e  upper layer of the  core is 2-3 tim es 
higher th an  in the  deeper layers. Above all, th e  organic P-com pounds 
decrease w ith depth .
N itra te  and  am m onia also become less concentrated  in deeper layers. 
B o th  com pounds ru n  parallel, b u t there  is nearly  four tim es more am m onia 
th an  n itra te . The concentrations o f am m onia varied  between 720 and  8,000 
fig per litre  (mean: abou t 2,500 fig per litre) and  those of n itra te  betw een 
160 and  2,800 fig per litre  (mean: 660 fig per litre).
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The conten t of in te rs titia l w ater was abou t 80 per cent on top  of th e  
core, although in layers deeper th an  10 cm it varied between 25 and  35 
per cent. The am ount of organic m a tte r was around 4 per cent on top , and 
in th e  depths (a t more th an  10 cm) it was 0.6 to  1.0 per cent.
The m ineral p a r t consists of m arl, containing 0.01 to  0.05 per cent phos­
phorus in several forms. The rhizomes of Phragmites can reach a dep th  
dow n to  1 m. This m eans th a t  under 1 m2 the  stock of bound phosphorus 
is approx. 160 to  800 g (if the  sedim ent contains 30 per cent of w ater and  
has a  specific weight o f 2.25). According to  th e  equilibrium  of aqueous 
solutions, P  is exchanged betw een th e  sedim ents and  the  in te rstitia l w ater 
so th a t  th e  consum ed P  of th e  in te rstitia l w ater can easily be replaced. 
This is necessary because the  dissolved P  is only 40 mg per m2 up to  a dep th  
of 1 m, being not enough to  com pletely satisfy the  p lan t requirem ents. 
From  these calculations it can be assum ed th a t  ex ternal factors (such as 
agricu ltural fertilizers, sewage, etc.) can be excluded. This is n o t surprising, 
as m any reed swam ps grow far aw ay from  external n u trien t supply.
The to ta l phosphorus in the  in terstitia l w ater contains abou t 50 per cent 
P 0 4-P, th e  to ta l P  released from  the  bo ttom  containing, however, 90 per 
cent. Beside th a t, th e  daily  release is so high th a t it is im probable th a t  the 
to ta l am ount of P  released comes d irectly  from the  in te rstitia l w ater of the 
soil. A g reat p a r t m ust be released by a  decaying organic m a tte r covering 
th e  bo ttom  of the  reeds, m ostly  by dead Phragmites-stalks. Therefore, the  
rou te of P  from  the  ground to  the  lake w ater seems to  be as follows (Fig. 2). 
B ound to  m inerals, in terstitia l water, rhizomes, p lan ts, in which it is fixed 
for one year till th e  sta lk  dies, falls into the  w ater and  decays, and  is 
th en  released into the  lake w ater in th e  reeds.
Fig. 2. R oute o f phosphorus from the mineral stage into the water o f the reeds
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W hat happens to  the  nu trien ts  in the  lake w ater in the  reed area? In  
th ree  sections across the  reed swam p th e  surface and bo ttom  w ater were 
stained  with a fluorescent dye to  m easure its speed and to  determ ine its 
direction. I t  could be dem onstrated  th a t  there  were tw o currents running 
perpendicular to  the  shore line: A surface current, coming from the  lake 
and  a bo ttom  curren t directed tow ards the  lake (Fig. 3). These currents
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F ig. 3. Temperature, conductiv ity  and speed o f  currents
can alw ays be observed in warm w eather. Their velocities vary  from  0 to  
36 cm per min a t  the  surface, and  to  25 cm per min near the  bo ttom . 
Cold and cloudy w eather can m arkedly  reduce the  speeds, extrem ely  high 
warming during sunny sum m er days can induce speeds up to  150 cm 
per min.
The tem peratu res along the  sections dim inish from the  open lake to  the  
shore and  show a difference betw een the  surface and  bo ttom  currents. 
There is also a difference in the  conductiv ity  between both  currents of up 
to  30 pS.
I t  is presum ed th a t the  driving force for th e ir m ovem ent is the  increased 
density  of w ater due to  th e  shading effect of p lants, specifically their cooling 
effect, and  to  the  enrichm ent of dissolved m aterial. The weak inclination 
of the  bo ttom  seems to  be sufficient to  let th e  heavier bottom  w ater glide 
lakew ards. The lighter lake w ater is draw n in to  the  reeds.
The w ater exchange on the shelf outside the  reeds has been known since 
P ichler (1938) and  Thom as (1961), b u t there, the  w ater moves the  o ther 
way round (Fig. 4). W arm  surface w ater from the  shelf is d irected  tow ards 
the  lake being replaced by cold bo ttom  water. This m ust be due to  warm ing,
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because a t  n igh t th e  currents reverse th e ir direction. Substances released 
into th e  w ater o f th e  reeds, in any  case, are carried into the  open lake.
How m uch n u trien t is b rough t from the  litto ra l to  the  pelagic zone of the  
lake? As already m entioned, th e  extension of the  litto ra l zone depends 
d irectly  on th e  lake level. The annual m ean area m easures abou t 14 km 2 
and  th e  pelagic p a r t  w ith a  dep th  of more th an  1 m is 52 km 2, being 3.7
- 100m -
F ig. 4. Temperatures and w ay o f currents on the shelf (after Thomas 1961)
tim es th a t  of the  litto ra l area. More th an  one-th ird  of th e  shallow p a r t  is 
covered w ith reed. The o ther p a r ts  are occupied by m ore or less dense popu­
lations of P otam ogeton species and  Najas marina during sum m er.
Assuming th a t  th e  daily  ra te  of n u trien t release over the  whole litto ra l 
zone is 4.4 mg per m2 to ta l P  and  8 mg per m2 m ineral N, one m2 of lake 
area receives yearly  340 mg dissolved P  and  620 mg N. Since th e  m ean 
d ep th  of the  U ntersee is 28 m, the  am ount of P  from  th e  litto ra l zone would 
be enough to  give the  lake a m esotrophic stage, according to  Vollenweider’s 
correlation. The individual basins of the  lake being more or less isolated 
by  peninsulae, an  island and shallow barriers would have trophic levels 
ranging from  ‘still o ligotrophic’ to  ‘eu troph ic’ in different p arts . This is 
exactly  w hat was found in 1935.
Today the  lake area receives abou t 3 g P  per m2 and  per year from  waste 
waters, which is nearly  10 tim es th a t  in troduced by n a tu ra l n u trien t sources. 
Thus, th ey  do no t seem to  be of m uch im portance. B y the  annual fluctua­
tions of the lake level, however, the  flooded area and  therefore th e  m onthly  
in p u t of nu trien ts  in the  lake change (Fig. 5), w ith a m inim um  in the  w inter 
m onths and  a m axim um  in sum m er. On the  o ther hand, the  P  concentra­
tion  in th e  open lake shows a reverse trend , so th a t  a low concentration 
in th e  lake m eets w ith a high o u tp u t from the  litto ra l zone. The coincidence 
of these tw o system s does no t affect th e  to ta l P  budget of th e  lake b u t can 
lead to  local eu trophying effects along the  shore line. In  sum m ertim e the
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Fig. 5. M onthly input and concentration o f  dissolved phosphate in  Lake U ntersee
P  concentrations in the  proxim ity  of the  reed swam p are ac tua lly  2 to  3 
tim es higher (45 fig per litre) th a n  in th e  pelagic area (18 fig per litre). This, 
together w ith high w ater tem peratu res, causes a strong developm ent of 
filam entous algae nourished by  th e  bo ttom  curren t. They provide the  
visual evidence of the  effect of the  reed borders.
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PH Y TO PLA N K TO N  PRO D U C TIO N  IN  LA K E  BALATON
by
S. H e r o d e k  a n d  G i z e l l a  T a m á s
BIOLOGICAL RESEARCH IN ST IT U T E OF TH E HUNGARIAN ACADEMY OF SCIENCES
TIH A N Y , HUNGARY
Several papers (E ntz e t al. 1937, Sebestyén et al. 1951, Sebestyén 1953, 
1954, Tam ás 1955, 1967, 1969) deal with th e  q u an tity  of p lanktonic algae 
of L ake B alaton. Nevertheless, only prelim inary  d a ta  collected in 1961 
(Böszörményi et al. 1962) have been available on the  p rim ary  production 
of the  lake.
j In  April 1972, we s ta rted  to  stu d y  the  annual cycle of phy top lank ton  
production  in the  pelagic zone of the  lake, two kilom etres eastw ards of 
T ihany. Investigations were carried out fortn igh tly , irrespective of the  
w eather. W ate r sam ples were tak en  in 250 ml glass flasks a t dep ths of 25, 
100, 200 and  300 cm. Of th is w ater 100 ml was transferred  in to  pyrex 
glass flasks for exposal. The rem aining w ater was conserved by J 2/K J  and  
served algological determ inations.
Algae were counted by U term öh l’s p lank ton  microscope. The biomass 
of each species was determ ined  by L ohm ann’s volum etric m ethod, i.e. 
the  volum es of the  average individuals were determ ined and  these values 
were m ultiplied by  the  num ber of individuals in the  sample.
To each sam ple used in prim ary  production m easurem ent 20 pC\ N a2u C 03 
(specific ac tiv ity  290 pCi per mg) was added. The sam ples were lowered 
to  th e ir original places, and  exposed in  situ  for four m idday hours. Dark 
parallels were also prepared. A fter four hours’ exposal the  sam ples were 
placed in a  dark  box, transferred  to  the  labora to ry  and  filtered through 
a m em brane filter of a pore size of 0.2 p  (Sartorius M em branfilter Gm bH).
In  order to  remove rad ioactive contam ination subsequently  to  the  sam ­
ples 50 ml of previously filtered inactive lake water was passed through 
the  filters being exposed to  the  fumes of concentrated  HC1 for four 
m inutes. The filters were th en  dissolved in 10 ml B ray  solution, the  
algae form ing a fine suspension in th is liquid. R ad ioac tiv ity  was m eas­
ured  by  liquid scin tilla tion  which has several advantages over th e  GM 
tube technique. The weight of th e  carbon tak en  up by th e  phy top lank ton  
was calculated  from  the  rad ioactiv ity  of the  algae and  from  th e  specific 
ac tiv ity  of the  to ta l carbonic acid con ten t of the  water, allowing a 5 per 
cent isotope effect. E ach  value was reduced by  th a t  of the  dark  parallel.
In  the  w ater sam ples collected during the  25 experim ental days from 
the  four different depths, altogether 124 algal species, 6 varieties and 1 
form were found. Their d istribu tion  am ong th e  phyla was as follows: 
C yanophyta 13, E uglenophyta 11, P y rro p h y ta  6, C hrysophyta 61, Chloro­
p h y ta  40. The biom ass of th e  m ost im portan t species is given in Fig. 1. 
The p lank ton  is generally dom inated by diatom s. One single species,
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Cyclotella bodanica, am ounted  to  half of th e  to ta l biom ass for a long period. 
Tow ard th e  middle of sum m er it was replaced by  Melosira granulata. 
Among the  P y rro p h y ta  algae, Ceratium hirundinella is th e  m ost im portan t 
species, dom inating th e  sum m er p lank ton  in th is lake. Concerning their 
biomass E uglenophyta, C hlorophyta and  C yanophyta phyla are inferior. 
B enthic elem ents are usually  found bu t in lim ited num ber in the  p lankton.
O l
--E
Chlorophyta
Cyanophyta
Euglenophyta
, A , M , J , J , A , 5 , 0 , N , D  J , F , M ,
1972 I 1973
Fig. 1. Biom ass o f  the dom inant algae
However, th e  heavy  storm  on 11th Ju ly  swirled up  huge quan tities of 
algae from  th e  bo ttom , doubling the  biom ass of phy top lank ton . T h a t day, 
th e  largest mass was represented by  Surirella robusta.
The annual cycle of th e  to ta l biomass of phy top lank ton  (Fig. 2) showed 
tw o m axim a, one in April and  th e  o ther in  Ju n e—Ju ly . The sum m er biomass 
a tta in ed  4 mg per litre . This value is one order of m agnitude higher th an  th a t  
in th e  forties (Tamás 1955) indicating th e  rap id  process of cu ltura l eu tro ­
phication. In  au tu m n  th e  biom ass showed a rap id  decrease rem aining around 
0.5 mg per litre  in au tum n  and  w inter. In  Jan u a ry  a n d in  the  first decade of
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F eb ru a ry  the  lake was frozen. A fter th e  thaw ing of th e  ice the  am oun t of 
algae increased again. In  Fig. 2 the  colum ns are divided according to  the 
m ass of algae belonging to  the  groups of different size. Their production 
has no t been separately  stud ied  yet. The largest fraction  o f th e  to ta l bio­
mass is constitu ted  by species which, owing to  their size, are n o t available 
as food to  the  crustacean  p lankton.
Fig. 2. A nnual cycle o f  the biom ass o f  phytoplankton
The vertical d istribu tion  of th e  phytom ass was always uneven, b u t in 
th e  average values of th e  25 days there  wTere no differences as to  th e  depth .
The vertical d istribu tion  of th e  p rim ary  production (Fig. 3) showed 
th e  m ost diverse figures. The m axim um  was som etimes a t  25 cm, som etim es 
a t  1 or 2 m, or in the  deepest sam ple even a t 3 m. This peculiarity  is explained 
by  th e  shallowness of th e  lake. Very strong waves can rise on the  600 km 2 
surface o f the  lake. On th e  o ther hand, the  w ater is only 3-4 m deep, th e re ­
fore th e  waves tu rn  th e  whole lake upside down bringing a lo t o f m ud 
into th e  water. The transparency  of the  w ater is a function of the  am ount 
of suspended m ud being usually  low-, and  highly variable (Table 1), the  
illum inance of the  deeper layers depending more upon waves th an  upon 
clouds. In  th é  storm  only 2 per cent of light p en e tra ted  in to  th e  1 m depth ,
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Fig. 3. Vertical distribution of the planktonic prim ary production
while a fte r a long calm, 20 per cent of surface illum inance was m easured 
a t  the bo ttom . Most frequently  there is photoinhibition a t the  surface, 
the  m axim al production b e in g a t 1 or 2 m, and in tw o-th irds of all cases there 
is little  if any  production a t a depth  of 3 m.
F rom  the  values ob tained  a t  the  four depths the  production per surface 
area was calculated  and  ex trapo lated  for the  day-tim e hours (Fig. 4). 
F rom  April to  A ugust th e  production was uniform ly high. In  th is  period 
th e  m axim a and  m inim a reflect no t so m uch the  real seasonal changes as 
the  ac tua l w eather conditions of th e  experim ental days. In  calm, when 
the  whole w ater colum n is light sa tu ra ted , the  production per surface 
area is high, while in storm  the euphotic layer being restric ted  to  th e  upper 
1-2 m, th e  production is low. F rom  th e  middle of A ugust the  production 
decreased and  rem ained low in au tum n  and  w inter. M axima were found 
on calm days in th is  period, too. The absolute m inim um  of production was 
found under th e  snow-covered ice. U nder snow-free ice th e  planktonic 
production was qu ite  considerable and  a t the  optim ally  illum inated bottom
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TABLE 1
I llu m in a tio n  in  different depths in  percentage of surface illum ina tion
^ D epths (cm) 
D ates
25 100 200 300 bottom
5 th  A pr.
1 8 th  A p r. 50 .0 23.4 3.9 0.8 —
2 n d  M ay 64.7 26.5 7.3 1.0 —
16 th  M ay 59.5 29.8 8.3 2.6 _
3 1 st M ay 63.1 14.8 4.2 1.6 0.9
13 th  J u n e 55.6 30.6 13.9 5.5 2.8
2 7 th  J u n e 53.0 26.5 6.3 1.8 0.9
11 th  J u ly 40.0 2.0 0.0 0.0 0.0
2 7 th  J u ly 59.0 6.9 1.1 0.1 0.0
10 th  A ug . 82.1 48.2 32.1 19.6 12.1
2 4 th  A ug. 61.4 6.8 1.4 0.3 0.1
7 th  S e p t. 70.8 43.8 24.0 12.5 8.3
2 8 th  S ep t. 57.5 12.5 2.5 0.5 0.3
12 th  O ct. 67.5 30.0 15.0 7.5 6.0
2 6 th  O ct. 73.8 28.3 15.2 7.4 6.5
9 th  N o v . 79.6 40.7 22.2 11.1 9.3
2 8 th  N o v . _ _
2 1 st D ec. 64.6 15.6 2.1 0.3 0.1
2 8 th  D ec. 70.0 13.7 3.1 0.8 0.4
17 th  J a n . 9.2 3.3 1.5 1.0 0.8
3 1 st J a n . 42.9 30.0 20.7 12.9 8.6
19 th  F e b r . 42 .5 5.4 0.5 0.0 0.0
1 s t M arch 52.6 6.3 0.6 0.0 0.0
15 th  M a rch 69.4 34.0 12.5 3.5 2.1
2 9 th  M a rch 58.4 16.7 6.3 2.1 1.2
mgC / m2 / day
Fig. 4. A nnual cycle o f  phytoplankton production
an even higher benthic p rim ary  production  was observed (Herodek and 
Oláh 1973). In  the  unfrozen lake there is usually  no m easurable benthic 
photosynthesis due to  tu rb id ity . There was no sudden increase in the  
planktonic prim ary  production when the  ice thaw ed, b u t in th e  second half
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of M arch it reached th e  high level of th e  previous spring. The highest p ro ­
duction m easured in these investigations was 669 mgC per m 2 per day. 
In  th e  w arm er half-year th e  m ean daily  production was 432 mgC per m2. 
The annual production  was 114 gC per m2. This annual p rim ary  production 
corresponds to  th a t  of th e  m oderately eutrophic lakes (Vinberg 1961, 
R odhe 1969). The production  in m ost p a r ts  of th e  lake is probably  sim ilar 
to  th a t  of th is investigated  area.
The m ost eu troph icated  p a r t  of L ake B alaton  is th e  B ay  of K eszthely  
where th e  R iver Z ala enters the  lake. H ere we s ta rted  to  study  the  prim ary  
production in Ju n e , 1973. In  th is  p a r t  o f the  lake th e  m axim al production 
was alw ays a t  25 cm, a t  1 m th e  production  was only half of th a t  and, 
a t  2 m and  below it, there  was practically  no production due to  the  shading 
effect of algae. The production  showed a  high peak in Ju ly  reaching 15 gC 
per m 2 per day. The to ta l p roduction in th e  th ree sum m er m onths was 700 gC 
per m2. The p roduc tiv ity  of th is  area seems to  be one order of m agnitude 
higher th a n  it was tw elve years ago, corresponding to  th a t  of th e  highly 
po llu ted  eutrophic lakes. The process of cu ltural eu trophication  calls for 
u rgen t counter-m easures.
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INTRO DUCTIO N
R aw son (1939) suggested th a t  edaphic factors determ ine th e  p rim ary  
troph ic s ta te  of a  body of w ater while basin m orphom etry, particu larly  
m ean dep th , and  th e  clim ate to  a considerable ex ten t, determ ine th e  u til­
ization of th e  ‘n u tritiv e  m ateria ls’. Deevey (1940) also stressed th e  im por­
tance of recognizing p rim ary  and  secondary trophic states.
Ohle (1956), when discussing bioactiv ity , production and  energy u tiliza­
tion  in  lakes, showed th a t  th e  efficiency o f energy utiliza tion  in a lake is 
d irectly  proportional to  its m ean depth , or, th e  am ount of po ten tia l energy 
elim inated from a lake by  sedim entation as a percentage of th e  to ta l p o ten ­
tia l energy available is inversely proportional to  its  m ean depth . H e con­
cluded th a t  the  q u an tity  of organic carbon deposited per u n it tim e, per 
u n it surface of basin is proportional to  th e  q u an tity  of organic carbon th a t  
is p resent during the  sam e tim e in terva l per u n it volum e of th e  to ta l lake. 
The larger th e  volum e in relation to  th e  m ean d ep th  of th e  basin, th e  sm aller 
will be th e  percentage of au tochthonous organic m a tte r deposited.
H ayes (1957) derived a  num ber called th e  ‘quality  index’, a theoretical 
value which was in tended  to  rem ove th e  effect of m ean d ep th  on production 
and  disclose th e  inherent p roductive capacity  of a lake, i.e. th e  am ount 
which a given lake could produce if it  were considered as of standard*depth 
of 5 m eters. This approach was fu rth e r refined by H ayes and  M acAuley 
(1959) and  H ayes and  A nthony (1964).
I t  is well docum ented, principally  by  Deevey (1940), N ygaard  (1955), 
Ohle (1956) and  Vinberg (1963) th a t  th e  ra te  of p rim ary  production per 
u n it surface area is considerably influenced by  th e  m orphom etric charac­
teristics of lake basins and  by  w ater transparency . Consequently, lakes o f 
th e  sam e prim ary  trophic s ta te  m ay exhibit wide differences in th e ir ra tes 
of p rim ary  production per u n it surface area, or lakes belonging to  different 
trophic s ta tes  m ay have th e  same ra tes of p rim ary  production per u n it 
surface area, im posed by  the  differences in th e ir m orphom etry, w ater 
transparency  and  clim ate. Deep, clear, oligotrophic or m esotrophic lakes 
w ith  low or m oderately low ra tes of prim ary production per u n it volum e 
m ay have ra tes of p rim ary  production per u n it surface area sim ilar to  or 
larger th an  those of shallow, highly coloured eutrophic lakes w ith high ra te  
of p rim ary  production per u n it volum e. In  very  shallow bodies of w ater, 
p rim ary  production  per u n it surface area is seriously lim ited by  insufficient 
d ep th  and  in highly productive w aters increased algal density  reduces 
ligh t penetra tion  thus lim iting the dept h of th e  trophogenic zone.
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The com plicating effects of basin m orphom etry  and  w ater transparency  
on p rim ary  production and  on the  realized trophic s ta te  of bodies of w ater 
becam e obvious in V inberg’s (1963) classification of trophic s ta tu s  of lakes. 
More th an  an eightfold varia tion  in areal production in one category and 
a com plete overlap between categories show the  lim itation  of th is classifica­
tion  because it cannot separate  prim ary  (edaphic) and  secondary (physical) 
trophic characteristics.
Similarly, R odhe’s (1958a, 1969) ten ta tiv e  trophic classification is useful 
to  establish th e  prim ary  trophic s ta te  of bodies of w ater b u t it gives no 
allowance for decisive influences such as form of lake basin.
C onsideration of only p rim ary  production per u n it surface area and  per 
u n it volum e (a t optim al light) when m aking regional com parisons or when 
evaluating th e  effective trophic s ta te  of individual lakes is inadequate, 
since the  u tiliza tion  of p rim ary  production is dependent on m orphom etric 
characteristics (Ohle 1956). Therefore, it is useful to  express p rim ary  p ro ­
duction  in a  way th a t  would reflect the  effect of basin m orphom etry  on 
production  per u n it surface area and on its u ltim ate  utilization. This 
can be achieved if the  ra te  o f prim ary  production is expressed on the  basis 
of m ean u n it volum e represen ta tive of th e  whole lake, indicating the  avail­
ab ility  of p rim ary  production to  the  whole w ater mass in th a t  basin.
This paper is th e  th ird  in a series, based on an earlier detailed  report 
(Kerekes, 1972) describing the  relationship of lim netic phy top lank ton  
production to  physicochem ical and m orphom etric factors in five small 
lake basins in T erra N ova N ational P a rk  in Newfoundland.
M ETHOl )S
Soundings of lakes were m ade w ith electronic dep th  recorders.T otal inorganic 
carbon available for photosynthesis was determ ined from to ta l alkalin ity  
values, pH  and  tem p era tu re  (Kerekes 1974), from  the tab le  of Bech- 
m ann (Saunders e t al. 1962).
R adiocarbon procedures are outlined in detail by  K erekes (1974). 
Samples were incubated in special in  situ  appara tus (W att 1965) for 3 
hours from  1030, suspended a t 0, 0.1, 0.5, 1, 2, 3, 4, 5, 7 and  9 m depths. 
A fter incubation, m easured subsam ples of 25 to  40 ml from  each bottle  
were filtered th rough  24 mm HA Millipore filters, using vacuum  below 
300 mm H g to  reduce th e  ru p tu re  o f fragile algal cells (A rthur and  Rigler 
1967). The filters then  were placed on alum inum  planchettes and  the  ac tiv ity  
of the  filters was determ ined w ith a glas-flow Geiger-Müller counter, having 
a micromil window.
U nits of P rim ary Production
The units used in expressing planktonic prim ary  production m easurem ents 
ob tained  by in  situ  14C experim ents in lakes are far from  uniform  in the 
prevailing lite ra tu re  and  often lead to  m isin terpretation  when the  results 
of different au thors are com pared. In  order to  facilita te  such com parison, 
the  m ost commonly used units o f p rim ary  production ra tes are defined 
and  presented here, and  th e  un its will be used in this stu d y  as defined. 
Surface areas, volum es and  dep ths are given in m etric units.
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P rim ary production per un it volume
The ra tes of carbon assim ilation for u n it volum e per u n it tim e m ay be 
given as:
1. Unit volume prim ary production (P-vol) a t  a  certain  po in t on the  14C 
production graphic curve or a t  a given sam pling dep th  ‘mgC per m 3 per tim e 
a t  d ep th  z (Steeman Nielsen 1952, 1958).
2. U nit volume m axim um  prim ary production (P-m ax) when d istinct 
production optim um  exists on the  14C production graphic curve, ‘mgC per m 3 
m ax per tim e’. Curves w ith m axim um  prim ary  production a t  the  surface, 
usually  associated w ith low light intensities, are no t considered (Rodhe 
19586).
3. Unit volume euphotic prim ary production (P-vol eu) where the  value 
of carbon assim ilation in th e  euphotic zone is divided by  the  d ep th  of 
euphotic zone, ‘mgC per m 3 eu per tim e’ (Goldman 1960).
4. U nit volume mean prim ary production (P-vol x) where the  ra tes of carbon 
assim ilation a t  different dep ths are weighed for the  volum es of th e  same 
s tra ta  and  their sum  is divided by  the  to ta l lake volume, ‘mgC per m 3 
x  per tim e’. The usage of th is new expression is proposed in th is study.*
P rim ary production per un it surface area
R ates of carbon assim ilation for u n it surface area per u n it tim e m ay 
be given as:
1. U nit surface area prim ary production (P-area) where the  ra tes of carbon 
assim ilation of u n it volum e a t different dep ths (mgC per m 3 per tim e a t 
dep th  z) are in tegrated  for a w ater column in the  euphotic zone, 'mgC per m 3 
per tim e ’ (Steem ann Nielsen 1952, 1958).
2. U nit surface area mean euphotic prim ary production (P-area x  eu) 
where the  ra te  of u n it volum e euphotic p rim ary  production is m ultiplied 
by the  d ep th  of the  euphotic zone or by th e  m ean dep th  of th e  body of 
water, depending upon which value is the lower, ‘mgC per m 2 x  eu per tim e’ 
(Goldman 1960).
3. U nit surface area mean prim ary production (P-area x) where the  rates 
of carbon assim ilation a t different depths (mgC per m 3 per tim e a t d ep th  z) 
are weighed for th e  volumes of the  same s tra ta , and their sum  is divided 
by  the  lake surface area or by  m ultiplying th e  ra te  of u n it volum e m ean 
p rim ary  production (mgC per m 3 x  per tim e) by  th e  m ean dep th  of th e  body 
of water, ‘mgC per m2 x per tim e’ (Vinberg 1963).* **
* Kerekes (1973) gives formulas to  calculate P -vol x  and P-area x.
** Investigators using the dark and light oxygen-bottle m ethod in lakes prior to 
the introduction o f 14C utilization  (summarized by Vinberg, 1963), considered produc­
tion both under unit area for the water colum n in which the actual experim ent occurred 
and under unit surface area where the production values were adjusted to com pensate 
for lake m orphom etry, in the m anner introduced by Strom (1931) for calculations o f  
oxygen deficit. This latter practice, however, was not accepted by the m ajority of 
investigators using 14C utilization.
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RESULTS
T he five lakes investigated  are located  in T erra N ova N ational P a rk  in 
no rth -eastern  N ew foundland betw een 53°41' and  54°14' west longitudes 
an d  betw een 48°23' and  48°40' n o rth  la titudes. The m orphom etric and  
physicochem ical characteristics of the five lakes are given by  K erekes (1974a). 
The hypsographic curves show th e  relationship  of various depths to  surface 
area (Fig. 1). The m ean dep ths range from  1.06 m (Pine H ill Pond) to  
9.23 m j (Bluehill South Pond), m axim um  dep ths range from  5.5 m to 
22.6 m, respectively.
The hourly ra tes o f P -m ax, P -area, P -area  x, P -vol x  for th e  growing 
season, and  th e  p robab ility  te s t for ‘U ’ for the  W ilcoxon two sam ple tes t 
o f ranked  observations (Sokai an d  R ohlf 1969) are sum m arized in Tables 
1 to  4. The P -area  x  ra tes expressed as percentage of P -area  are given in 
T able 5.
P ercen t  s u r f a c e  a rea
Fig. 1. H ypsographic curves in Bluehill N orth (BN ), Bluehill South (BS), Pine H ill 
(PH ), Minchin (M) and Y udle N orth (YN) Ponds in  Terra N ova N ational Park, N ew ­
foundland. Mean depth (z) in meti'es and lake surface area (A) in hectares are given
in the legend
38
D ISCUSSIO N
Production Optimum ( P -max)
The p rim ary  production per u n it volum e a t  optim um  light (P-m ax) 
is particu larly  valuable for th e  biological characterization  of diiferent 
w aters regarding th e ir p rim ary  trophic s ta te  (Rodhe, 1958a, b). R odhe 
cam e to  th is  conclusion a fte r exam ining th e  p rim ary  production in a  large 
num ber of lakes ranging from  oligotrophic to  highly eutrophic lakes in 
several geographic regions. H e found th a t  P -m ax is a b e tte r ind icator of 
th e  trophic s ta tu s  of a lake th an  P -area, because the  form er is n o t dependent 
on th e  d ep th  of the  productive zone.
Based on the  P -m ax values, P ine Hill P ond  had  th e  m ost p roductive 
w ater in th is  s tu d y  because b o th  the m ean and  the  m axim um  P-m ax values 
were th e  highest am ong the  five lakes, while Bluehill South P ond  had  the  
least p roductive w ater (Table 1). The P-m ax values in P ine Hill Pond  were 
significantly higher (p  =  0.05 to  p  <  0.002) th an  th a t  in any  of th e  o ther 
lakes except in M inchin Pond, which had  the  second highest P -m ax value, 
an d  th ey  were significantly lower (p  <  0.01 to  p  <  0.002) in  Bluehill South 
P ond  th an  th a t in th e  o ther lakes, except in Bluehill N o rth  P ond  which 
had  th e  second lowest m ean P -m ax  value. The 14C experim ents were con-
TA1ÎLE 1
H ourly prim ary production per unit volume at optimum light 
(P -m ax) between M a y and October 1969 and M a y  and August, 
1970, in  five study lakes in  Terra N ova N ational Park, N ew ­
foundland, and probability test for ‘U ’ for the Wilcoxon two- 
sample test of ranked observations. D ays with P -m ax at the 
surface are excluded
Pond
mgC/m3 m ax/h
No. of
observationsMean Range
B lu eh ill S o u th 0.9(1 0 .2 7 -1 .6 5 10
B lu eh ill N o r th 1.39 0 .4 8 -2 .8 5 10
Y u d le  N o rth 1.63 0 .8 7 -2 .1 9 11
M inch in 1.89 0 .9 6 -4 .0 9 9
P in e  H ill 2 .6 6 0 .6 8 -5 .9 4 18
Probability test for ‘ U ’
Pond BS BN YN M PH
B S
B N
Y N
M
p  <  0 .2
j )  <  0 .0 1 *  
j )  <  0 .0 2 *
p  <  0 .2  
p  <  0 .2 p  >  0 .2
P H p  <  0 .0 0 2 * p  <  0 .0 2 * p  =  0.05* p  <  0 .2 —
• S ignificant difference
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ducted  sim ultaneously in B luehill South and  Bluehill N orth  Ponds and  on 
any  given day  th e  P -m ax values ob tained  were alm ost always higher in 
Bluehill N orth  Pond. In  sp ite of th e  tren d  tow ard  higher P -m ax values on 
individual days and  th e  higher m ean P-m ax value in Bluehill N o rth  Pond, 
th e  ranked  P -m ax values in  the  two lakes were n o t significantly different. 
Sim ilarly, when th e  lakes were listed in th e  order of increasing m ean P-m ax 
values th e  differences in P -m ax values between two ad jacen t lakes were 
no t significantly different.
Areal Production (P-area)
The five lakes are oligotrophic based on th e ir p rim ary  production ra tes o f 
u n it surface area (P-area), according to  th e  scheme of classification proposed 
by R odhe (1969). The ranked  P -area  values during th e  ice-free period were 
significantly higher (p  -< 0.01) in P ine H ill Pond  th a n  in any of th e  o ther 
four lakes (Table 2). No significant differences in P -area  values existed 
am ong those lakes. The re la tively  high m ean P -area  in P ine H ill Pond  
was th e  consequence of higher ra tes of P-vol. This was exemplified by th e  
highest P -m ax value and  the  frequen t occurrence of tw o production m axim a 
on the  vertical d istribu tion  of p lanktonic production (Kerekes 19746). 
In  the  rem aining four lakes the  differences in th e  P -m ax values were
TABLE 2
H ourly  p rim ary  production per u n it surface area at the sam ­
p ling  station (P -area) between M a y  and October, 1969 and  
M a y  and A ugust, 1970 in  five study  lakes in  Terra N ova  
N ationa l P ark, N ew foundland, and  probability test for ‘U ’ for 
the W ilcoxon two-sample test of ranked observations
P ond
mgC/m2/h
No. of
observations
Mean Range
Bluehill North 3.01 0.83- 6.64 13
Bluehill South 3.02 0.84- 6.29 15
Yudle North 3.41 0.76- 6.68 17
Minchin 3.78 1.15- 8.69 13
Pine Hill 6.39 0.87-19.48 25
Probability test for ‘U ’
Pond BS BX YN M P H
BS
BN p  >  0 .2 —
YN p  >  0 .2 p  >  0 .2
M p  >  0 .2 p  >  0 .2 p  >  0 .2 —
PH p  <  0 .0 1 * p  <  0 .0 1 * p  <  0 .0 1 * p  <  0 .0 1 * —
* S ignificant difference
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no t reflected in th e  respective P -area  values which were th e  m ost 
obvious in Bluehill South and  M inchin Ponds. The m ean P -m ax value 
(1.89 mgC per m 3 m ax per h) in M inchin Pond  was alm ost tw ice of th a t  in 
Bluehill S outh  Pond. The ranked  P -m ax values were significantly different 
a t th e  level of p  <  0.02, yet the  m ean P -area  in M inchin Pond  was only 
25 per cent higher th a n  th a t in Bluehill South Pond, and  the  ranked  values 
of P -area in these two lakes were no t significantly different in spite of the  
g reater num ber of sam ples in P -area  from  both  lakes, as com pared to  the  
num ber of P -m ax values. The reduced light penetra tion  resulting from  the 
relatively  high w ater colour caused unfavourable conditions for area p ro ­
duction in M inchin P ond, p a r tly  because the  dep th  of th e  euphotic zone 
was considerably reduced and  also because of the  increased vertical light 
extinction. L ight itself becam e progressively more lim iting with increase 
in dep th  so th a t  ra tes of P-vol declined rap id ly  below P-m ax (Tailing 1961, 
1965). As a  result, M inchin Pond, which was considered m ore productive 
th an  B luehill South Pond  based on th e ir P -m ax values, did no t have signif­
ican tly  higher P -area  ra tes th an  those in Bluehill South Pond, because 
in the la tte r  the  deeper euphotic zone and the  relatively  m oderate decline 
of P-vol below P-m ax com pensated for th e  lower P -m ax rates. For the  same 
reason, m ean P -area values were identical in Bluehill South and  Bluehill 
N orth  Ponds in spite of th e  different P -m ax ra tes in th e  two lakes.
Euphotic Production (P-area x  eu)
Goldm an (1960) recognized the  inadequacy of using P -area as th e  basis for 
m eaningful com parison of prim ary  production am ong lakes on the  basis 
of u n it surface area. However, his proposal which has been accepted by 
some au thors (N arver 1967, K alff 1967), to  use P -area x  eu for the  correc­
tion  of the  shape of basin on P -area, fell sho rt of its intended purpose, 
particu larly  for shallow lakes. I t  m isrepresents areal production which should 
be expressed as P -area  x  (Vinberg 1963).
Unit Area (P-area x )  and U nit Volume (P-vol x )  Production
The P -area  gives an  increasingly m isleading represen ta tion  of th e  tru e  
areal p lanktonic p rim ary  production (P-area x) as the  m ean dep th  decreases 
because in more shallow lakes the  d ep th  of the  euphotic zone is d rastically  
reduced over a large portion  or the  whole basin because of insufficient depth .
The relationship betw een the  logarithm  of m ean dep th  in m etres and  the  
logarithm  of m ean ra tes of P -area x  and  P-vol x  expressed as percentages 
of P -area during the  ice-free period in th e  five lakes is shown in Fig 2. 
The graph suggests, m ean dep th  reduces P -area  x  as com pared to  P -area  
when m ean dep th  is approxim ately  12 m or less. Then, P -area  x  becomes 
progressively sm aller when expressed as percentage of P -area  with decrease 
in m ean depth . However, a t  the  d ep th  a t  which P -area x  begins to  decline, 
P-vol x  continues to  increase with decrease in m ean dep th  b u t a t  a reduced 
ra te .
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The heavy broken lines in  Fig. 2 indicate th e  theoretical relationship when 
th e  effect of basin m orphom etries is absent on areal production, i.e. when 
m axim um  dep th  and  m ean d ep th  are equal. Then the  relationship between 
P-vol X ,  P -area and  m ean dep th  can be described as log y  =  log 2 — log x
Fig. 2. The relationship between areal prim ary production (P-area and P-area x) 
and unit volum e prim ary production (P-vol x) in five lakes, varying in m ean depth, 
in Terra N ova N ational Park, N ewfoundland. Solid and open circles represent the  
average P-area x  and P -vol values, respectively, expressed as percentages o f P-area 
for the ice-free study  period in 1969 and 1970. The vertical bars show the range o f  
values for P-area x  for the sam e period
where y  =  P-vol x  expressed as percentage of P -area an d  x  =  m ean depth . 
U nder th is condition, areal production, e ither P -area or P -area  x  are 
equal a t  all m ean depths, bo th  having 100 per cent value a t  all m ean 
depths. W hen m ean d ep th  equals one m eter, th en  P-vol x  becomes equal 
to  P -area, and  when it is less th an  one m eter, P-vol x  will be g reater th an  
P-area.
To dem onstrate  th e  effect of light penetration  (depth  of euphotic zone) 
on P -area  x  in th e  stu d y  lakes, a  series of calculations was perform ed 
in which the  P-vol ob tained  in one lake during the  ice-free period were used 
to  calculate P -area  x  expressed as percentage of P -area  utilizing th e  m or­
phom etric d a ta  for each of th e  o ther four lakes. F igure 3 depicts th e  two 
extrem e regressions ob tained  from these calculations. The upper line is th e  
regression with the  sm allest percentage loss in P -area  based on p rim ary  
production rates obtained in  M inchin Pond  whicii has the m ost coloured 
w ater and  th e  sm allest varia tion  in w ater colour am ong th e  s tu d y  lakes. 
The lower line shows a  sim ilar relationship, b u t w ith considerably greater 
percentage losses in P -area using the  P-vol ob tained  in B luehill South Pond  
which has th e  least coloured w ater and  the  deepest euphotic zone among
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the  five lakes. The regressions calculated in a sim ilar fashion for the  o ther 
th ree  lakes (not shown on the  graph) were betw een the  tw o lines described. 
The th ird  regression presents th e  ac tua l relationship of P -area  x  and  m ean 
d ep th  in th e  five lakes (Table 5). The graph  shows th a t  a t  th e  sam e m ean 
d ep th  th e  percentage loss in  P -area  is greater, and  th a t  loss is increasing 
a t  a faste r ra te  w ith a decrease in m ean depth , when th e  vertical light 
ex tinction  is smaller.
Fig. 3. The effect o f light penetration on P-area x, expressed as percentage o f  P-area  
in B luehill N orth, Bluehill South, Minchin, Pine H ill and Y udle N orth Ponds in Terra 
N ova N ational Park, Newfoundland. The regression line a t the centre, indicated by  
solid line, is based on the m ean P-area x  values o f the five lakes studied (Fig. 2). The 
upper regression line is based on P-area x  values (solid circles) calculated from the P -vol 
rates o f M inchin Pond (m ost coloured lake) for each lake. The P -vol rates o f  Bluehill 
South Pond (least coloured lake) were used to  fit the lower regression line
As expected from Fig. 2, the  m ean P -area  x  values were th e  highest in 
th e  deepest lakes and  the  ran k  position of the  five lakes was considerably 
different from  th a t  of th e  m ean P -area  values (Tables 2-3). P ine H ill Pond, 
which h ad  th e  lowest m ean depth , suffered th e  greatest percentage loss in 
P -area  value. The influence of m ean dep th  on P -area  x  m ay be best exam ined 
in Bluehill South and  Bluehill N o rth  Ponds, where th e  14C experim ents 
were conducted sim ultaneously, presum ably  under identical light in tensities 
a t  the  surface. The m ean P -area  values were identical in these tw o lakes 
b u t a fte r correction for basin shapes the  m ean P -area  x  value was 50 per cent 
higher in  th e  deeper B luehill South Pond  b u t th e  difference betw een the  
ranked  observations was no t significant.
The au to tro p h y  of a lake (Aberg and  R odhe 1942) depends upon the  
d ep th  o f th e  euphotic zone b u t its u t ilization through  secondary and  te r tia ry  
production and  its u ltim ate  m ineralization depend on the  whole w ater
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TABLE 3
H ourly  prim ary  production per u n it surface area, representa­
tive for the basin (P -area x )  between M a y  and October, 1969 
and M a y  and A ugust, 1970 in  five study lakes in  Terra  N ova  
N ationa l P ark, N ew foundland, and  probability test for ‘U ’ 
for the W ilcoxon two-sample test of ranked observations
Pond
mgC/m2 x/h
No. of 
observations
Mean Range
Yudle North 1 .6 7 0 .4 4 - 2 .9 6 17
Bluehill North 1 .6 7 0 . 5 6 - 3 .9 4 13
Pine Hili 1 .9 8 0 .4 8 - 5 .2 5 2 5
Bluehill South 2 .5 7 0 .7 4 - 5 .2 9 1 5
Minchin 3 .2 0 0 .9 9 - 7 .2 9 13
Probability test for ‘U ’
Pond YN BN PH BS M
YN
BN p  >  0 .2 , —
PH p  <  0 .4 ! p  <  0 .5 —
BS p  <  0 .1 p  <  0 .2 p  <  0 .4 —
M p  c  0 .0 1 * p  <  0 .0 1 * p  <  0 .0 5 * p  >  0 .2 —
* S ignificant difference
mass (Ohle 1956). C onsideration of au to tro p h y  and  th e  m odifying influence 
of m orphom etric characteristics of lake basins m ade trophic classification 
of lakes excessively complex as has been exemplified by the  proposed system  
o f Järn efe lt (1958). R odhe (1958a, 1969) is of the  opinion th a t  all differen­
tia tio n  except those of oligotrophy and  eu trophy  should be abandoned 
and  th a t  th e  degree of oligotrophy or eu trophy  m ust be m easured a t the 
level of p rim ary  production. O ther characteristics of lakes such as m orpho­
m etries and physicochem ical conditions should be defined and  com pared 
separately.
The influence of m ean dep th  on the  availab ility  of p rim ary  product ion 
for secondary producers or for decom position m ay be expressed sim ply as 
P-vol X ,  which could be used for the  com parison of effective troph ic s ta te  
of different w ater bodies, irrespective of th e ir volum es and  m ean depths.
The ranked  P-vol x  ra tes were significantly different (p <  0.02) am ong 
the five lakes except betw een Y udle N orth  and  Bluehill N orth  Ponds and 
Bluehill N orth  and  M inchin Ponds where th e  differences between the 
m eans were no t significant (Table 4). The largest P-vol x  ra tes were the 
highest in th e  shallow P ine H ill Pond, and  the  ranked  ra tes were different 
a t  a very  high level of significance (p <f 0.001) from th e  ranked  ra tes in the  
o ther four lakes, suggesting th a t  th e  effective trophic s ta te  of P ine Hill 
Pond  was nearly  eutrophic, while th e  deepest lake, Bluehill South Pond, 
was the  m ost oligotrophic.
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TABLE 4
H ourly  prim ary  production per u n it volume representative for 
the basin (P -vo l ~ )  between M a y  and October, 1969 and M a y  
and  A ugust, 1970 in  five study lakes in T e r ra  N ova  N ational 
P ark, N ew foundland, and  probability test for ‘U ’ for the 
W ilcoxon two-sample test of ranked observations
Pond
mgC/m3 ar/h
No. of
observationsMean Range
B lu eh ill S o u th 0.28 0 .0 8 -0 .5 7 15
M inch in 0.40 0 .1 4 -1 .0 4 13
B lu eh ill N o r th 0.64 0.21 1.50 13
Y u d le  N o r th 0.70 0 .1 9 -1 .2 5 17
P in e  H ill 1.87 0 .4 5 -4 .9 5 25
Probability test for ‘U ’
Pond BS M BN YN PH
B S
M
B N
Y N
p  =  0 .0 2 *  
p  <  0 .0 0 2 *
p  c  0 .0 0 1 *
p  <  0 .2 0  
p  =  0 .0 2 * p  >  0 .2 0
P H p  <  0.001* p  < .  0 .0 0 1 * p  <  0 .0 0 1 * p  <  0 .0 0 1 * —
* S ignificant difference
TABLE 5
P-area x  expressed as percentage of P-area during the ice-free 
period between A p ril, 1969 and A ugust, 1970 in  five lakes 
studied in  N ew foundland
Pond
P-area x  P -area • 100
No. of
observationsMean Range
P in e  H ill 35.45 2 1 .2 -5 9 .0 2 8
Y u d le  N o r th 52.71 4 0 .5 -7 1 .3 20
B lu eh ill N o r th 57.27 4 6 .3 -6 9 .6 14
M inch in 85.30 8 1 .0 -8 9 .6 15
B lu eh ill S o u th 85.90 7 9 .9 -9 1 .0 17
The inadequacy of com paring lakes based on P -area  alone is obvious 
from the  figures in Table 6. C rater L ake (Larson 1970), for exam ple, 
has a P -m ax  of 0.4 mgC per m 3 m ax per h, th u s i t  can be described as an 
extrem ely  oligotrophic lake b u t because it has an  unusually  deep euphotic 
zone (200 m), its P -area  ra tes reach 225 mgC per m 2 per day, thus according 
to  R odhe (1969) it should be considered as m oderately eutrophic. A sim ilar 
anom aly was found in L ake Superior which also had low P-m ax ra tes bu t 
P -area ra tes th a t  averaged 185 mgC per m2 per day  during the growing 
season (Parkos et al. 1969).
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TABLE 6
H ourly  rates o f p rim ary  production measured, w ith  UC technique in  some lakes of different
geographical areas in  m idsum m er
Lake
mg Carbon
Reference
in3 m ax/h m*/h m 3 x /h
Bluehill North (Newfoundland) 2.0 4.7 0.7 This study
Bluehill South (Newfoundland) 1.7 6.3 0.5 This study
Minchin (Newfoundland) 4.1 7.3 0.8 This study
Pine Hill (Newfoundland) 4.5 13.6 3.0 This study
Yudle North (Newfoundland) 2.2 6.7 0.9 This study
Dunlop (Ontario) 2.5 12.6 — Johnson et al. (1970)
Nanek (Alaska) 1.4* 16.7* — Goldman (1900)
Tome Trask (Lappland) 0.8** — — Rodhe (1958a)
Ransaren (Lappland) 1.1** — — Rodhe (1958a)
Marion (British Columbia) 3.0 — — Dickman (1969)
Superior (Ontario) 0.7 18.0* 0.12* Olson and Odlaug (1966)
Crater (Oregon) 0.4 21.4 0.07* Larson (1970)
Weldo (Oregon) 0.4 5.1 — Larson (1970)
Odell (Oregon) 30.0 223.0 — Larson (1970)
305 (Ontario) 14.2* 85.0* Schindler and Holmgren 
(1971)
East Winnipeg (Manitoba) 3.0* 5.0* — Schindler and Holmgren 
(1971)
Great Slave (N. W. Territories) 0.2* 10.0* — Schindler and Holmgren 
(1971)
Esrom (Denmark) 93.0* 151.0* — Jonasson and Kristiansen 
(1967)
Babine (British Columbia) — 10.2 — Narver (1967)
Owienko (British Columbia) — 7.6 — Narver (1969)
Valkiajarvi (Finland) 3.0* 15.0* — Meriläinen (1970)
Tahoe (California) 0.2 70.0 — Goldman (1960)
Cedar (California) 2.3 6.0 - Goldman (I960)
* E s tim a ted .
** U pw ard  co rrec tion  b y  45 p e rce n t (G oldm an , 1968) n o t inc luded .
H ourly  P-vol X ra tes for C rater L ake and  L ake Superior were calculated 
by  dividing P -area  w ith th e  m ean dep th , a perm issible procedure in these 
tw o lakes because of th e ir g reat m ean depths. The ra tes obtained  for P-vol 
X for these tw o deep lakes are considerably lower, by  an  order of m agnitude 
in some instances, for C rater Lake, com pared to  m y five lakes, suggesting 
clearly a m uch g reater degree of oligotrophy in th e  deep lakes in spite 
of th e ir higher areal production.
I t  is obvious th a t  a  single and  simple system  of classification of lakes and 
basin-lake system s is no t feasible. Several factors such as P -m ax, P -area 
X,  Jeb (biological ex tinction  coefficient; P la t t  1969), n u trien t supply, w ater 
renew al ra te  should be considered to  assess th e  trophic s ta tu s  of a lake or 
catchm ent area-lake system . I t  is proposed th a t  P-vol x  should be used as 
a  re la tive index of th e  effective trophic s ta tu s  of a lake. The P-vol x  w ith 
the  o ther indices of trophic s ta tu s  would provide an  effective tool to  define 
the  trophic s ta tu s  and  to  evaluate th e  effect of artificial enrichm ent of 
lakes.
*
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PR IM A R Y  PR O D U C TIV ITY  IN  T H E  L ITTO R A L ZONE 
OF L A K E  TAH O E, CALIFORNIA -NEVA DA
by
Ch . R . G o l d m a n  a n d  E v e l y n e  d e  A m e z a g a
D IVISION OF ENVIRONM ENTAL STUDIES, U NIVERSITY OF CALIFORNIA, 
DAVIS, CALIFORNIA 95616, USA
INTRODUCTION
Lake Tahoe lies a t  an  a ltitu d e  of 1898 m in the  Sierra N evada. I t  is a large 
(499 km 2), deep, subalpine lake, form ed in a graben fau lt, w ith a  m axim um  
d ep th  of 501 m. The lake basin has steep sides, a flat bo ttom , and  very 
little  shallow w ater for its size (Fig. 1). The average dep th  of the  lake is 
313 m and  its shoreline covers 113 km. L ake Tahoe is particu larly  renowned 
am ong th e  lakes of th e  world for its  g reat transparency  and  the  beau ty  of 
its  deep blue colour (Sm ith et al. 1973). M ean m onthly  Secchi d ep th  readings
Lake Tahoe
Fig. 1. Contour map of Lake Tahoe with 50 m intervals. The shaded area indicates
the littoral zone which extends down to 100 m
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greater th an  35 m have been recorded in th e  w inter m onths and  the  com ­
pensation dep th  is m easured close to  105 m. In  such a clear lake, th e  litto ra l 
zone extends to  a  d ep th  of 100 m, representing only 18.7 per cent of the  
surface area of the  lake. This narrow  band  of shallow w ater has, however, 
g reat im portance to  th e  m any users of the  lake and  provides th e  m ain visual 
evidence of w ater quality  to  the  largely shore-bound populace.
P rim ary  p roductiv ity  of phy top lank ton  in th is extrem ely oligotrophic 
lake is only a few mgC m -3 d a y -1 and  its  biomass ranges from  10 to  100 mg 
fresh weight per m 3. The phy top lank ton  population is very  diverse w ith 
over 160 species. E ighty-six  species of periphyton  have been identified 
so far in the  lake (Table 1). As expected, some of the  periphyton  also occur 
in the  phytop lank ton .
The su b stra ta  in th e  litto ra l zone varies from fine sand to  boulders. 
The surface w ater tem peratu re  ranges from  4.6 °C in th e  w inter to  19 °C 
in th e  sum m er. Levels of n itra te , to ta l phosphorus, and  iron are very  low 
all year round  (less th an  10 pg 1_1). In  contrast, levels of silicon, so im p o rtan t 
for m aintaining diatom  populations, are of the  order of 3 to  7 mg l -1 Si O r-Si.
There are only a  few isolated beds of m acrophytes (Anachous canadensis, 
M yriophyllum  sp., Potomogeton crispus) in  th e  litto ra l zone of the  lake 
w ith an  abundance of chara, th e  fungus Apostem idium  guernisal, and 
aquatic  moss (Fissidens), together w ith luxurian t grow ths of filam entous 
periphy ton  extending to  depths of abou t 100 m (F ran tz and  Cordone 1967). 
No a ttem p t has been m ade in th is rep o rt to  estim ate the  abundance or 
p roductiv ity  of these higher and  lower p lants.
METHODS
P eriphy ton  was stud ied  in 1971 a t  17 sta tions around the  lake. E ach  offshore 
s ta tio n  consisted of a wooden rack  anchored to  th e  bo ttom  of th e  lake in 
10 m of w ater (Fig. 2). The rack  was held in place 5 m above th e  bo ttom  
by subm erged floats. The sta tion  location was determ ined by triangu lation  
on terrestria l landm arks. P yrex® glass tub ing  cylinders, used as substra tes 
for periphy ton  grow th, were held by te s t tu b e  holders a ttach ed  to  the  rack. 
Insta lla tion  and  re trieval of th e  cylinders were done by  SCUBA. F our 
sam ples were collected for each grow th period. Three sam ples for to ta l 
carbon m easurem ent were placed in  polyethylene vials and  k ep t frozen 
u n til analysis. The fou rth  sam ple was placed in a glass vial filled w ith dis­
tilled  w ater and  fixed w ith L ugol’s solution for periphyton  species identifi­
cation  and  enum eration.
A rap id  m ethod for th e  estim ation of the  carbon con ten t in periphyton  
(Arm strong e t al. 1971) was used to  determ ine the  am ount of organic carbon 
th a t  accum ulated on the  cylinder during th e  grow th period. The m ethod 
consists of com busting th e  sam ple in an  induction furnace and  m easuring 
th e  evolved carbon as C 02 w ith an  in frared  gas analyser.
P rep ara tio n  of th e  sam ple for periphyton  identification and enum eration 
was initially  accom plished by scraping th e  periphy ton  off th e  cylinder 
into its  glass vial container. L a te r in th e  study , rem oval of periphyton  from 
th e  cylinder was greatly  facilita ted  by  placing the  glass vial containing 
th e  cylinder in an  ultrasonic cleaner for five m inutes. The sam ple was then
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TABLE 1
Lake Tahoe periphyton. P eriphyton  species list compiled from  microscopic exam ination  
of live and  preserved sam ples on cjlass cylinders and rocks. Where cell volumes have been
m easured they are given in  ( y 3)
CHLOBOPHYCEAE
Sphaerocystis schroeteri (268) 
Geminella ordinata 
Ulothrix sp.
Bulbochaete sp.
Pediastrum sculptatum
tétras var. létrádon 
Mougeotia genuflexa 
Spirogyra sp.
Zygnema (sterile)
Cosmarium sp. a 
sp. b
Euastrum bidentatum 
Pleurotaenium  sp.
Straurastrum natator (4350)
EUGLENACEAE 
Euglena sp.
DINOPHYCEAE
Peridinium pusillum
CHRYSOPHYCEAE
Dinobryon sertularia (900)
B ACILL ARIOPHY CE AE
Cyclotella antigua (635)
bodanica (4778)
Melosira crenulata (1209) 
varians (4301) 
Stephanodiscus astrea (707) 
Diatomella half our iana (660) 
Tabellaria flocculosa (2700) 
Diatoma anceps (1000)
hiemale (mesodon) (1060) 
vulgare (3600)
Opephora americana 
Asterionella f ormosa (480) 
Fragilaria capucina (140) 
crotonensis (510) 
intermedia (2500) 
pinnata  (175) 
vaucheriae var. 
capitollata (276) 
Synedra actinastroides 
ulna (19 200) 
ulna spathulifera 
Eunotia tenella (590)
Achnanthes clevei (350) 
flexella (880) 
lanceolata (420)
BACILLAR]OPHYCEAE (contd.)
Achnanthes microcephala 
peragalli (430) 
Cocconeis placentula (503) 
Amphipleura pellucida (4080) 
Diploneis elliptica (1781) 
oculata (330)
Frustulia rhomboïdes (7600) 
Mastogloia sm ithii (5184)
Navicula aurora (14 016) 
bacillum (2000) 
cocconeiformis (980) 
elginensis 
pupula  (1000) 
radiosa (1100)
Neidium  hitcheockii (14 800) 
Pinnularia biceps (4980)
rupestris (18 000) 
Gomphoneis herculeana (6831) 
Gomphonema acuminatum  (610) 
parvulum  (350) 
Amphora ovális (2500)
Cymbella cuspidata (10 000) 
lanceolata (6000) 
prostrata (15 750) 
sinuata (375) 
ventricosa (1800) 
Epithemia argus
sor ex (5125) 
turgida (66 000) 
zebra (11 520) 
Rhopalodia gibba (8000)
Denticula (elegáns)
Nitzschia linearis 
(sigma ? )
Cymatopleura solea (var?) (37 370) 
Surirella (didyma) (13 000)
CYANOPHYCEAE
Oscillatoria tenuis 
Anabaena (variábilis ?)
Nőst oc microscopicum 
Calothrix parietana 
Scytonema myachrous 
Lyngbya nordgardii 
Nephrocytium agardhianum 
Tolypothrix sp.
CRYPTOPHYCEAE
Cryptomonas reflexa ?
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Fig. 2. Underwater picture o f  the wooden rack at the periphyton station, w ith the glass 
tubing cylinders held by test tube holders. Four floats hold the station  in place 5 m
above the bottom
shaken well to  insure uniform  d istribu tion  of the  cells, a subsam ple was 
settled  in an  U term öhl cham ber, and  identification was done using a W ild 
M-40 inverted  phase microscope.
Prelim inary  periphy ton  species identification was done from live samples, 
using glass cylinders th a t  had  been exposed at locations around  th e  lake 
for 14 weeks between 24 Ju n e  1970 and  30 Septem ber 1970. The influence 
of the  su b stra te  on species com position was investigated  by  com paring 
glass cylinders and  n a tu ra l rock com m unities a t  several locations. Com mu­
nities from  both  fresh and  preserved samples on glass cylinders were com ­
pared a t  several locations to  determ ine the  effect of preservation.
Samples from some of the  m ajor tribu taries to  the  lake were also exam ined 
for species composition.
R ESU LTS
Periphyton taxonomy
O bservations m ade on th e  cylinders incubated  for 14 weeks during the  
sum m er of 1970 are shown in Fig. 3. One Chlorophycean species (Mougeotia 
genuflexa) and  six diatom s were found to  be the dom inant species. Mougeotia 
genuflexa occurred a t all stations. Cylinders off the  south-southeast shore 
o f the  lake were invaded by a relatively few (three or four) dom inant species 
in com parison to  the  o ther stations (six dom inant species), b u t their growth 
coverage was dense or very  dense. E m erald  Bay, which is p artia lly  isolated 
from  the  rest of the  lake, had seven dom inants. Fragilaria capucina was 
a dom inant form only off the  U pper Truckee R iver m outh  and  in E m erald  
Bay.
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R esults shown in Fig. 4 are based on observations m ade on four to  eight 
different sam ples a t  each station . These sam ples had  been left in th e  lake 
for lengths of tim e varying from  tw o weeks to  23 weeks (overwinter) betw een 
1 October 1070 and  2 M ay 1971. A ra ting  system  was devised to  determ ine 
which species were dom inant overall during th e  season a t  each sam pled 
location. A t each of the  stations, for each sam ple available, th e  dom inant
SUMMER
Fig. 3. D om inant species o f  periphyton found on glass cylinders exposed in  s i tu  to  
periphyton invasion for 14 w eeks between 24 June 1970 and 30 Septem ber 1970. The 
per cent o f the circle drawn represents the percentage o f  the slide that was covered by 
periphyton (50, 90, 95 or 100 per cent). The relative density  o f growth is also indicated
species (dom inant in num ber of cells present) were given a num ber of poin ts 
in decreasing order of dom inance (10 for the  m ost dom inant , 9 for th e  nex t 
dom inant, 8 for the  next, etc.). The to ta l num ber of points for each species 
was com puted, and  th e  species th a t  were m ost dom inant during th e  season 
determ ined. The dom inant species were those species th a t  received a to ta l 
num ber of points 25 per cent or g reater of th e  m axim um  to ta l possible.
In  w inter, th e  num ber of dom inant periphy ton  species rem ained 
substan tially  unchanged from  those in the  sum m er, y e t the  species com ­
position changed alm ost com pletely (Fig. 4). The lake periphyton , in th is  
w inter—spring period, was dom inated by  seven diatom  species. Synedra  
actinastroides was the  m ost dom inant a t  all stations. Fragilaria crotonensis 
was the second m ost dom inant species, which was also found a t all sta tions. 
The same p a tte rn  of low diversity  (three or four species) th a t  was observed 
in the sum m er persisted in th e  w inter along th e  south-southeast shore. 
This zone is strongly influenced by  th e  U pper Truckee R iver (Paerl and  
Goldm an 1972). Some of th e  dom inant species for these seasons are shown 
in Fig. 5.
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O bservations of n a tu ra l com m unities growing on rocks and  piers near 
the  offshore locations during our stu d y  of the  shallower portion  of the 
litto ra l zone showed, in addition, a dom inance of Ulothrix in m any of the  
areas around th e  lake and  Oomphonema in some of them . Ulothrix is present 
in a num ber of tribu taries.
Our prelim inary  com parison o f com m unities growing on glass cylinders 
and com m unities growing on n a tu ra l rocks seemed to  evidence b e tte r  blue-
WINTER
1970-71
Synedra actinastroldes 
Fragilaria crotonensis 
Gomphonema parvulum 
Cyclotella bodamca 
Synedra ulna 
Gomphoneis herculeana 
Melosira crenulata
Fig. 4. D om inant species o f  periphyton found on glass cylinders exposed in  s itu  to  
periphyton invasion for lengths o f tim e varying from tw o weeks to  23 w eeks (over 
winter) between 1 October 1970 and 2 M ay 1971
green grow th (Calothrix, Tolypothrix, Nostoc) on rocks and  b e tte r  green 
grow th (Mougeotia, Zygnema, Spirogyra) on glass, while diatom s grew 
well on either substra te . L a te r s tu d y  ind icated  th a t  glass was readily  colo­
nized by  a  large v arie ty  of algae. I t  was felt th a t  ra th e r th an  th e  substra te  
difference, differences in depth , curren t, and  light were prim arily  responsible 
for th e  observed difference in colonization. F resh  samples were essential 
for accurate identification to  th e  species level and  L ugol’s solution was 
found adequate as a preservative for subsequent enum eration.
P eriphy ton  grow th around the  m argins of the  lake was m easured a t th e  
subm erged sta tions described in M ethods. Since each was located offshore 
a t  a  dep th  of 10 m, th e  d istance from  th e  shore was quite variable. The
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Fig. 5. Photom icrographs o f some o f the dom inant species o f  the Lake Tahoe periphy­
to n  com m unity. The photographs were taken w ith a Polaroid camera attached to  an 
inverted microscope. Cleared diatom  frustules from perm anent m ounts and other 
algae from settling chambers were used. The species shown are A, M elosira crenulata 
X 750; B , Oomphonema acuminatum  X 750; C, Gomphoneis herculeana X 750; D , Zygnema  
X 187.5; E , N avicula aurora x750 ; F , M ougeotia genuflexa X375; G, Rliopalodia  
gibba X 750; H , F ragilaria p innata  x  750; I, Synedra ulna  x  375; J , Gomphonema par- 
vulum  x  750; K , Cyclotella bodanica X 750
highest grow th ra tes were recorded near stream  m ouths where hum an ac tiv ­
ity  is greatest, except in the  vicin ity  of the  largest trib u ta ry , the  U pper 
Truckee R iver (Fig. 6). The shallow shelf there necessitated placem ent 
o f periphyton  stations 700 to  1200 m from th e  stream  m outh to  avoid loss 
of stations. This rem ote placem ent was no t necessary off W ard Creek which, 
together w ith the Incline Creek location, p artia lly  contained by Crystal 
B ay, showed th e  highest increm ents o f grow th. In  general, slower grow th 
occurred in areas of least tr ib u ta ry  influence such as along the  sparsely 
populated  east shore.
The to ta l p roduction of periphy ton  per day  for th e  en tire  litto ra l zone 
o f L ake Tahoe was estim ated  by  using th e  results from grow th per day 
a t  each s ta tio n  as m easured in carbon per square m etre. E ach  sta tio n  was 
chosen to  be represen ta tive of a section of the  litto ra l zone delim ited by 
th e  shoreline, th e  dep th  of 100 m, and  the  distances halfw ay to  th e  nex t 
stations. The periphy ton  production for th a t  section was ob tained  by 
m ultiplying th e  surface area (determ ined by planim etry) by  the  am ount 
of production a t  th e  corresponding station . The sum  of the  production of 
these sections gave th e  estim ate of the  to ta l production of periphyton  per 
day  for the  lake. This calculation was done for each of the  dates in 1971 
for which we had  d a ta  available from  periphy ton  cylinders left in th e  lake 
for a period of 14 days. The results p lo tted  against tim e are shown in Fig. 7. 
The grow th ra te  increased steadily  from  early  April un til mid-May, levelled 
ou t th rough  m id-June, and  th en  declined through m id-July . This follows 
closely bo th  th e  seasonal light curve and  th e  influx of nu trien ts  from  th e  
w atershed.
1971
Fig. 6. Periphyton growth per day betw een 1 May 197J and 15 Ju ly  1971 as measured  
by organic carbon increase over a 14 day period. Glass cylinders were suspended in the 
lake at a depth o f  5 m and changed every 14-days. The increm ent o f the circle radius 
indicates the average growth per day for the 14-day period. The centre o f the circle
indicates station location
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Fig. 7. Periphyton production per 
day estim ates for the entire litto ­
ral zone o f Lake Tahoe. Calcula­
tions are based on the m easure­
m ent o f carbon increase over a 
14-day period at each station  and 
the surface area o f the station  
described in the tex t. The scale on 
the le ft indicates the to ta l produc­
tion for the lake. The scale on the 
right indicates the average produc­
tion per square m etre for the lake 
obtained by  dividing the total 
production value by the to ta l sur­
face area o f  the littoral zone
1971
Fig. 8. Phytoplankton productivity per day  
estim ate for the littoral zone o f Lake Tahoe. 
Calculations are based on prim ary produc­
tiv ity  m easurem ents (14C m ethod) at 12 
depths a t the index station, the productivity  
o f the littoral zone relative to  th is index  
station, and the volum e o f  each o f  12 layers 
o f water in the littoral zone (from 0 to  
100 m )
P hy top lank ton  p roductiv ity  for the  en tire  litto ra l zone of L ake Tahoe 
was based on in  situ  14C m easurem ents m ade regularly  a t 12 dep ths between 
0 and  100 m a t our index sta tion  near Tahoe Pines (see Fig. 1). The p h y to ­
p lank ton  p roductiv ity  of th e  litto ra l zone relative to  th is index sta tion  was 
estim ated  from  13 synoptic m easurem ents of prim ary productiv ity . Three 
synoptic surveys were done in 1968 and have been reported  by  Goldm an 
e t al. (1972); four were done in 1969, five in 1970, and  one in  1971. They 
consisted of sam pling 32 stations a t  several dep ths during a single n ight 
and  incubating th e  sam ples in  situ  during th e  following light period. E igh t 
of these sta tion  locations are pelagic, th e  others are litto ra l, and  one is 
our regular index sta tion . The average p rim ary  p roductiv ity  for all 13 
synoptics was calculated for all litto ra l s tations to  give one litto ra l value 
of mgC m-2 and for all pelagic stations to  give one pelagic value of mgC 
m -2. The phy top lank ton  p roductiv ity  of th is litto ra l zone relative to  the  
index sta tion  was calculated as a percentage of the  average p roductiv ity  
of all litto ra l stations to  the  index station . The phy top lank ton  p roductiv ity  
in the  pelagic zone relative to  the  index sta tion  w'as also calculated as a 
percentage. These estim ated  percentages were used to  com pute the  average 
p rim ary  p roductiv ity  o f th e  phy top lank ton  on any  day  in  th e  12 layers 
of w ater in which the  litto ra l zone had been divided corresponding to  each 
d ep th  of th e  index station . The sum of th e  phy top lank ton  p roductiv ity  
of the  12 layers of w ater was estim ated  to  be the  to ta l p h y top lank ton  p ro ­
d u c tiv ity  in the  litto ra l zone th a t  day. R esults from these com putations 
m ade for the  period of tim e th a t corresponds to  our periphy ton  production 
s tudy  are shown in Fig. 8. The bim odal p h y top lank ton  p roductiv ity  curve 
peaked ou t in early Ju n e  w ith th e  second peak occurring in A ugust. This
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was in  con trast to  th e  periphyton  biomass production curve (Fig. 7), 
which showed a single high p lateau  lasting for over two m onths between 
April and  June.
To com pare the  to ta l p rim ary  production per day  of th e  litto ra l zone of 
L ake Tahoe to  th a t  of the  pelagic zone, th e  to ta l biomass production  per 
day  of th e  periphy ton  (Fig. 7) was added  to  the  to ta l phy top lank ton  p ro ­
d u ctiv ity  in the  litto ra l zone (Fig. 8). The biomass increm ents of periphyton  
grow th and  the  ra te  measures of phy top lank ton  p roduc tiv ity  are no t s tric tly  
com parable. Combining them , however, should provide a  good approxi-
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Fig. 9. Total primary production per day  
o f the littoral zone o f  Lake Tahoe com ­
pared to  the total productivity o f  the 
pelagic zone o f the lake. The littoral zone 
production represents the sum o f the  
biom ass production o f the periphyton  
(Fig. 7) and the productivity o f  the p hy­
toplankton (Fig. 8) for the zone. Calcula­
tions o f  the to ta l prim ary production per 
day  o f  the pelagic zone o f the lake are based on 14C measures o f  the prim ary productiv­
ity  o f the index station, the productivity o f  the pelagic zone relative to  the index  
station , and the volum e o f  water in the euphotic zone o f  the pelagic region
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m ation of to ta l litto ra l production. This was done by  planim etering the 
areas of two-week periods under each curve (Figs 7, 8), com puting the  
corresponding m ean value of carbon per day for each com m unity, and  adding 
up these values. The prim ary  p roductiv ity  per day  of th e  pelagic zone of 
the  lake was com puted by correcting th e  m ean p roduc tiv ity  per cubic 
m etre a t the  index sta tio n  by  the  percentage th a t  th e  pelagic zone p roductiv ­
ity  represents and  m ultiplying by th e  volum e of w ater in th e  euphotic 
zone (0 to  100 m) of th e  pelagic zone. R esults are shown in Fig. 9.
We shall use th e  term  prim ary  production whenever we are referring 
to  either biom ass increm ents only or bo th  biomass increm ents and  14C 
m easurem ents combined. W e shall continue to  use th e  term  prim ary  p ro ­
d u ctiv ity  when referring to  14C m easurem ents only.
Bv com paring th e  p rim ary  production curve of the  litto ra l zone of Lake 
Tahoe w ith th e  pelagic p roductiv ity  curve, we get a  graphic impression 
of th e  re la tively  sm all litto ra l area involved as well as its contribution to  the  
overall p roductiv ity  of th e  lake. Only abou t 10 per cent of the  lake’s p ro ­
duction is accounted for by th e  com bined phy top lank ton  p roductiv ity  
and  periphyton  production down to  100 m. Because of Lake T ahoe’s m or­
phom etry , the  pelagic zone contributes an  order of m agnitude more carbon 
to  th e  lake in  p roductiv ity  th an  does th e  litto ra l zone.
P rim ary  p roductiv ity  in the  litto ra l zone was m easured in 1968 w ith a 
series of transects. Com puter contouring was utilized to  display varia tion  
in p roductiv ity  offshore (Goldman and  A rm strong 1969). An average of 
four transects was used to  construct each of th e  vertical profiles of p h y to ­
p lank ton  shown in Fig. 10. The U pper Truckee R iver, which provides 
40 per cent of L ake T ahoe’s surface inflow, has a  highly productive p h y to ­
plankton  population per u n it volum e near shore decreasing steadily  tow ards
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the  pelagic zone. This decrease in p roductiv ity  per u n it volum e w ith dep th  
is inverse to  the  p roductiv ity  per u n it of surface area. The sam e is tru e  for 
the  Incline Creek transect except th a t  the  fe rtility  of th is p artia lly  enclosed 
area (Crystal Bay) is more uniform  and  p robably  reflects th e  less significant 
volumes of fertilizing inflows. General Creek has been used in our work as 
a  control (Goldman e t al. 1972) and  th e  stream  influence disappears within 
a sho rt d istance from  shore. The tran sec t a t  Cave Rock, along th e  sparsely
PRIMARY PRODUCTIVITY 1Э68
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Fig. 10. P hytoplankton prim ary productivity versus depth at various distances off­
shore in the littoral zone. Each rectangle represents a different location around the 
shore o f Lake Tahoe. E ach point represents an average o f  four m easurem ents taken on 
four different days between April and Ju ly  1968. The graph inserted on the bottom  left 
o f each rectangle shows the variation o f  the total am ount o f  carbon fixed by the p h y to ­
plankton under a square m etre o f  water and the average am ount per cubic m etre as a 
function o f  the distance from shore
settled  east shore, shows very  little  varia tion  in fe rtility  w ith depth . The 
steady  rise in p roduc tiv ity  per u n it of surface area sim ply reflects the  steady  
increase in th e  photic zone w ith increasing d ep th  offshore.
D ISCU SSIO N
The litto ra l zone of L ake Tahoe is characterized by  narrow  ex ten t and  a 
relatively  sm all contribu tion  to  th e  overall algal p roductiv ity  of the  lake. 
Still, it rem ains the  m ost visible feature of the  lake to  th e  largely landbound 
population and  presen ted  th e  first visible evidence th a t  eu trophication  
was occurring in th e  inshore areas. F u rth er, the  food chain contribu tion  
o f th e  litto ra l zones of deep lakes like Tahoe and B aikal in th e  USSR m ay 
be m uch g reater th a n  these m easures indicate. The lu x u rian t grow ths of
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periphy ton  m ay reflect a restric tion  of nu trien t-enriched  w aters to  the 
shallow zone of L ake Tahoe by a  therm al bar. The periphy ton  seems p a r­
ticu larly  sensitive to  th e  spring inflow of nu trien ts , warm ing tem perature, 
and increasing photoperiods. The m ost luxurian t grow ths of a ttach ed  algae 
are usually  to  be found in the  vicin ity  of stream  m ouths, b u t m ost of the 
lake’s inshore areas are visibly green in spring and  early  sum m er. Occa­
sionally, large m ats of decaying periphy ton  and  associated bac teria  break 
off and  float to  th e  surface or are carried in from  stream s. Their decay is 
suspect of triggering a secondary bloom of phy top lank ton  such as the  large 
lens of Scenedesmus th a t  is usually  observed near the  m outh  of the  upper 
Truckee R iver in spring.
The d iversity  of th e  periphyton  is sim ilar th roughou t the  year, although 
th e  species m aking up th e  sum m er and  w inter populations are quite differ­
en t. The lower d iversity  occurring to  th e  east of th e  U pper Truckee river 
m outh  is accom panied by  a high phy top lank ton  production. I f  one accepts 
the  theo ry  th a t  more eutrophic situations are less diverse, th is is a logical 
expectation.
The Truckee R iver sedim ent plum e extends well along th e  south-east corner 
of th e  lake and  appears to  reduce periphyton  grow th through  shading or be 
d issipated  and  deflected east before it  can fertilize the  southern  stations. 
I t  does, however, g reatly  influence th e  phy top lank ton  and  p lanktonic 
bac teria  which th rive  in th e  v icin ity  of the  plum e (Goldman e t al. 1974).
Because glass su b s tra ta  are utilized, it seems likely th a t our estim ates 
of periphyton  grow th som ewhat underestim ate n a tu ra l grow th. An irregular 
su b stra tu m  provides no t only easier a ttach m en t, b u t a variable protection 
for periphyton  grow th. The heavy m ats th a t  break loose from th e  wave 
zone following a  spring storm  are never duplicated  on our slides. F u rth er, 
we have no real estim ate of grazing by the  varie ty  of organism s th a t  utilize 
periphy ton  as food.
A lthough aquatic  insect larvae and  protozoans m ay graze th e  periphyton  
com m unity in L ake Tahoe, th e  California crayfish Pacifastacus leniusculus 
is probably  th e  m ost im p o rtan t benthic organism  in L ake Tahoe. Studies 
have shown a d istribu tion  of th e  P. leniusculus population  between 0 and 
60 m dep th  in L ake Tahoe w ith  m axim um  densities occurring betw een 10 
and  20 m (Abraham sson and  Goldm an 1970). This area of concentration 
is exclusively in th e  litto ra l zone of th e  lake and  m ay, because of its great 
abundance, have considerable influence on th e  ecology of the  litto ra l zone.
Studies on juvenile stages in a num ber of D ecapoda indicate th a t  these 
anim als are s tric tly  algal and  d e trita l feeders (Blegvad 1914). Pacifastacus 
is an  om nivore and, in addition  to  consuming p lan t and  anim al food, 
ingests a  varie ty  of de tritu s and  probably  a num ber of benthic organisms 
including im m ature aquatic  insects (Moshiri and  Goldm an 1969).
Im m atu re  periphyton  com m unities in the  litto ra l zone of L ake Tahoe 
display a high ra te  of p roductiv ity . As th e  com m unity develops and  the 
density  of grow th reaches a m axim um , an  equilibrium  m ay ex ist before 
th e  w inter decline. The m ature periphy ton  com m unity w ithout grazing only 
produces new cells to  replace old and  dead cells. The p roductiv ity  m ay 
therefore decrease in a clim ax or equilibrium  state .
I t  seems likely th a t  the  aquatic  periphy ton  com m unity is sim ilar to  a 
te rrestria l grassland com m unity which m aintains a higher p roductiv ity
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when th ey  are grazed by  herbivores. The presence of a crayfish population 
in th e  litto ra l zone of th e  lake m ay increase the  p roductiv ity  of periphyton  
by  grazing pressure and  m ay provide an  efficient recycling of nu trien ts  for 
bo th  a ttach ed  and  free-floating com m unities which would otherw ise be 
restric ted  to  the  periphyton  com m unity.
The possibility th a t  the periphyton com m unity is m ain tained  in a more 
productive s ta te  by the  grazing of the  L ake Tahoe crayfish population seems 
consistent with th e  observations in the  lake. The p rim ary  p roductiv ity  of 
L ake Tahoe is very  high off Tahoe City. The standing crop of crayfish is 
also m ost dense in th is area of th e  lake which m ay reflect a  com bination of 
food supply and  ab u n d an t cover (Abraham sson and  Goldm an 1970).
The shallow w ater environm ent of the  litto ra l zone of even a deep lake 
such as Tahoe is of g reat in terest to  th e  limnologist. A lthough th e  w ater 
m ay rem ain relatively  clear it  contains higher levels of nu trien ts  th an  the 
pelagic w aters and  has m uch g reater contact w ith the  su b stra ta . The organisms 
which frequent th is zone have the  first opportun ity  to  concentrate the 
nu trien ts  in to  organic m atter. This tends to  reduce the am ount im m ediately 
available for a spring phy top lank ton  bloom and  in a sense buffers the  system  
against loss of transparency . A b e tte r  understanding of stream  and  litto ra l 
zone periphy ton  p roductiv ity  should help to  im prove our understanding  
of th e  dynam ics of shallow' and  deep lakes alike.
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T R O PH ITÄ TSV ER H Ä LTN ISSE IN  DEN STAUSEEN 
DES W E ST L IC H E N  M E C SEK G EB IR G ES 
(UNGARN, TRA N SD A N U BIEN )
Von
G. U h e r k o v i c h , A. K o v á c s  und L. V ö r ö s
HYDRO BIOLOGISCHES LABORATORIUM  D E R  AKADEM ISCHEN ZENTRALE ZU PÉCS, 
UND LABORATORIUM  EÜ R  W ASSERKONTROLLE D ER  D IR EK T IO N  
F Ü R  W ASSERW ESEN ZU PÉCS, UNGARN
E IN L E IT U N G
Das Mecsekgebirge liegt im D onau -D rau - W i n к el und erstreck t sich in  SW— 
N O -R ichtung in  einer Länge von etw a 45 km . E s ist ein M ittelgebirge m it 
G ipfelhöhen von 600-680 m. Am Südhang des Gebirges liegt die S tad t 
Pécs (Fünfkirchen), an  den N ordhang lehn t sich eine H ügellandschaft an, 
die aus Löß aufgebaut ist.
D er westliche Teil des Gebirges besteh t aus einer dom artigen, aus perm i- 
schem R otsandstein  bestehenden Antiklinale, die im NW  von mesozooischen 
Gesteinen, vornehm lich von M uschelkalk, um säum t is t (Pálfy 1930). Die 
Bäche dieses nordwestlichen Gebirgsteils entspringen teilweise aus einigen 
wasserreichen K arstquellen , teilweise aus kleineren Quellen u nd  entw ässern 
das Gebiet in einem zunächst nachN , dann  nach W  verlaufenden Talsystem . 
In  diesem Talsystem  w urden zwischen 1963 u nd  1972 vier Stauseen errich tet, 
die E rholungs- u nd  Sportzwecken dienen. Die E rrich tung  von zwei wei­
teren S tauseen soll in der nächsten  Z ukunft erfolgen.
Von den erw ähnten vier Stauseen w urden die limnologischen V erhält­
nisse der folgenden drei Seen un tersuch t:
1. D er kleinste der un tersuch ten  Stauseen, der Stausee »Orfui-to«, wurde 
im Jah re  1963 errich tet, ist 9,7 h a  groß u nd  besitzt ein Fassungsverm ögen 
von 140 000 m 3. Die durchschnittliche Tiefe ist hier weniger als 2 m.
2. Vom ersten  Stausee wird das W asser dem  zweiten Stausee »Pecsi-tö« 
zugeleitet, dem  bedeutendsten  Glied dieser S tauseenkette , der 80 ha groß 
ist u nd  ein Fassungsverm ögen von 2 700 000 m 3 besitzt, m it einer du rch ­
schnittlichen Tiefe von 3 m, doch g ib t es in diesem See — in der N ähe des 
S taudam m es — auch W assertiefen um  10 m.
3. Den eigentlichen Erholungszw ecken dienen diese beiden Seen, das 
d ritte  Glied dieser K e tte , näm lich der Stausee »Herm an O ttó-tó« (benannt 
nach dem  ungarischen N aturforscher H erm an O ttó), soll zu einem F isch­
reservat bzw. N aturschutzgebiet um gesta lte t werden. D ieser See ist 30 ha 
groß, h a t aber wegen seiner geringen W assertiefe (ca. 1 m) n u r 290 000 m 3 
F  assungsverm ögen.
Das v ierte  Glied dieser S tauseenkette , der Stausee »Kovácsszénájai-tó«, 
wurde erst im Jah re  1972 errich tet. In  diesem See w urden bisher nu r einige 
sondierende U ntersuchungen gem acht.
W ir beschränken uns im folgenden au f jene U ntersuchungen, die wir 
an  den ersten  drei Seen ausgeführt haben. W ie den Angaben zu entnehm en 
ist, handelt es sich um  ausgesprochen seichte Stillgewässer.
Die wasserchemisch-limnologische B earbeitung dieser Seen begann m it
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den U ntersuchungen, die in dem  L aboratorium  fü r W assergütekontrolle 
zu Pécs von K ovács und  Vörös ausgeführt wurden. Seit 1972 knü p ft sich 
an  diese A rbeit die T ätigkeit von U herkovich, des M itarbeiters des H ydro- 
biologischen L aboratorium s der Akadem ischen Zentrale zu Pécs an.
Ü ber die physikalisch-chem ischen und  biologischen V erhältnisse von 
S tauseen liegen zahlreiche U ntersuchungen vor (s. die z itierten  W erke von 
Beger 1966, U herkovich 1968), doch w urden diese U ntersuchungen fast 
ausschließlich an  tiefen, vertika l geschichteten Stauseen ausgeführt und  
nur verhältnism äßig wenig D aten  w urden bisher über seichte Stauseen 
publiziert (vgl. U herkovich 1959, 1971).
Z unächst noch eine kurze term inologische Bem erkung: S treng genom m en 
m üßte m an —angesichts der überwiegend geringen W assertiefen — im Falle 
der von uns un tersuch ten  Stauseen eigentlich eher von »Stauteichen« 
sprechen, doch h a t sich dieser N am e in der Limnologie noch nicht eingebür­
gert und  so verwenden wir in unseren A usführungen die Bezeichnung 
»Stausee«.
Die durchschnittliche jährliche Niederschlagsm enge liegt im Einzugs­
gebiet der un tersuchten  Stauseen um  750 mm. Die V erteilung dieser an  und  
fü r sich beträch tlichen  Niederschlagsmenge ist ziemlich ungünstig, in der 
regenarm en Som m erperiode ist die V erdunstung größer als die W asserzufuhr 
durch  die speisenden Bäche, und  so ist eine regelm äßig zurückkehrende 
som m erliche Senkung des W asserniveaus u n te r den gegenw ärtigen s tau ­
technischen G egebenheiten unverm eidlich.
Die S tauseen sind größtenteils von Ackerland, Wiesen und  W eiden 
um geben u nd  n u r an  wenigen Stellen — etw a an 1/8 der gesam ten U fer­
länge — ist der Ufersaum  bew aldet. Das S tauw asser h a t bei der E rrich tung  
der Stauseen ebenfalls größtenteils Äcker und  Wiesen überschw em m t, 
m it A usnahm e des d ritten  Stausees, des »Herm an Ottó-tó«, wo näm lich ziem­
lich große B aum bestände und  H ecken überschw em m t worden sind. A uf 
diese F ragen kom m en wir später noch zurück. E s sei erw ähnt, daß im 
U fersaum  der S tauseen eine A ufforstung begonnen h a t. E ine um fassende 
Geländeregulierung u nd  die Anlegung eines K analisationsnetzes ist erst 
in der nächsten  Z ukunft vorgesehen.
W ASSERCH EM IE U N D  TROPHITÄTSYTE R H Ä L T N ISSE
Die U ntersuchungen sollten das allgemeine wasserchemisch-limnologische 
Bild dieser Gewässer erfassen, u n te r besonderer B erücksichtigung der 
gegenw ärtigen und  in der Z ukunft zu erw artenden G estaltung der W asser­
güte. In  m ethodischer H insicht dienten vor allem folgende A rbeiten als 
Grundlage: Felföldv 1972, Szebellédv (Ed.) 1970.
A uf G rund der vorherrschenden Anionen u n d  K ationen  ist das W asser 
der Stauseen vom K alzium —M agnesium -H vdrokarbonat-L im notyp, was dem 
Ionen typ  des W assers im Einzugsgebiet entsprich t. D er Gesam tsalzgehalt 
der Stauseen liegt um  250-350 mg/1, es handelt sich also um  alfa-oligo- 
halobische Gewässer. Die Angaben über den Salzgehalt der einzelnen S tau ­
seen sind in den S terndiagram m en nach M aucha veranschaulicht (Abb. 1).
Die T rophitätsV erhältnisse wurden aus zwei R ich tungen  un tersuch t: 
E inerseits wurden die Stickstoff- u nd  Phosphorm engen bestim m t, die im
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W asser fü r die pflanzliche P roduk tion  vorrätig  waren. A ndererseits 
wurde durch die q u an tita tiv e  C hlorophyllbestim m ung die Biomasse des 
P h y top lank tons e rm itte lt u nd  gleichzeitig über die G esam tm engen des 
B akterioplanktons, des P hy to - und  Zooplanktons durch  eine Serie von
März 1972
Stausee„Orfüi-tó" Stausee„Pècsi tó"
Stausee „Hermán O ttó-tó”
Abb. 1. A nionén-K ationen-Diagram m e der untersuchten Stauseen (März 1972)
.........  Stausee., Herman 0,-tó"
------- —-  „O rfüi-tó"
Abb. 2. Änderungen des Stickstoffgehalts im  Jahre 1972
m ittels K alium perm anganatm ethode gewonnenen W erten vom Sauer­
stoffverbrauch A ufklärung erhalten .
B e trach te t m an von den T roph itä tsparam etern  die Änderungen des 
m ineralischen Stickstoffgehaltes näher (Abb. 2), erkennt m an, daß in den 
un tersuch ten  Seen ein S tickstoffvorrat zw ar s te ts  vorhanden ist, doch 
än d ert sich dieser rech t s ta rk  im V erlauf der Jahreszeiten . Aus den K urven  
geht hervor, daß der S tickstoffvorrat des Stausees »Orfüi-tó« gewissermaßen
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beschränkt ist. In  den Stauseen »Orfüi-to« und  »Pécsi-tó« kom m en zeitweise 
auch au f einen U ltra-O ligo-Typ hinweisende Stickstoffwerte vor. Im  Stausee 
H erm an O ttó-tó« liegen die M inimalwerte des Stickstoffs im oligo-meso- 
trophen  Bereich. Die M axim alwerte des Stickstoffs finden sich in den drei 
Stauseen im eutroph-eupolytrophen Bereich. A uf G rund dieser D aten  ist 
anzunehm en, daß in diesen Stauseen der Stickstoff zeitweise ein M inim um ­
fak to r sein kann.
Abb. 3. Änderungen des Gehalts an gelöstem  Phosphor im Jahre 1972
Die un tersuch ten  Stauseen lassen sich m it den G esam tphosphorw erten 
nicht charakterisieren. A uf G rund dieser Angaben m üßte m an sie alle 
dem polytrophen Bereich zuzählen, doch sprechen die übrigen Angaben 
des G ütebildes dieser Seen gegen diese A nnahm e. F ü r das Zustandekom m en 
der hohen Phosphorw erte sind die biologisch unzugänglichen, schwebenden, 
anorganischen Phosphorverbindungen verantw ortlich . (Daß die B estim m ung 
der G esam tphorphorw erte im Falle der seichten Stillgewässer unbrauchbar 
ist, h a t sich bereits an  anderen Beispielen, z. B. beim B alaton, erwiesen.) 
D eshalb schien es zweckm äßiger, die un tersuch ten  Gewässer m it den Men­
gen des gelösten Phosphors zu kennzeichnen.
Die K urven  in Abb. 3 veranschaulichen, daß die M inim alwerte des 
Phosphors in den un tersuchten  Seen zum  oligo-m esotrophen Bereich gehören, 
die M axim alwerte dagegen — m it einer einzigen Ausnahm e — zum  eutro- 
phen Bereich. Angesichts dieser Angaben ist m an geneigt anzunehm en, 
daß in diesen Seen der Phosphor kein lim itierender F ak to r ist.
Zusam m engefaßt: Die V orräte an  Phosphor und  Stickstoff ermöglichen 
eine periodische Zunahm e der E u troph ie, was tatsäch lich  e in tr itt, u. zw. 
in den einzelnen Stauseen in unterschiedlicher Weise, da auch das Angebot 
an  N ährstoffen in  den einzelnen Seen verschieden ist.
Die Ä nderungen in der Phvtom asse w urden durch die Ä nderungen des 
Chlorophyllgehaltes reg istriert. Es wurden die G esam tchlorophyllw erte 
erm itte lt, u. zw. m it der M ethode von Parsons-S trickland (in: Felföldy 
1972). E ine beträch tliche Zunahm e des Chlorophyllgehaltes erfolgte in den
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M onaten Ju n i, Ju li und  A ugust (Abb. 4). In  den S tauseen »Orfüi-to« und  
»Herm an Ottó-tó« fü h rt die V erm ehrung des P hy top lank tons bis zur Vege­
tationsfärbung, was — besonders im Falle des »Orfüi-to« — eine ungünstige 
Erscheinung ist. In  m anchen Fällen en ts teh t auch im »Pécsi-tó« an  den 
seichten Stellen eine V egetationsfärbung. (Vgl. dazu die Angaben über das 
P h y to p lan k to n  im nächsten  A bschnitt.)
Abb. 4. Änderungen des Chlorophyllgehalts im Jahre 1972
Abb. 5. Sauerstoffverbrauch der filtrierten und unfiltrierten Proben des Stausees
»Orfüi-to« im  Jahre 1972
An den Probenentnahm estellen  ist eine schwebende organische V er­
schm utzung allochthoner H erkunft im allgemeinen n ich t anzunehm en, folglich 
ist der m it der K alium perm anganatm ethode gemessene Sauerstoffver­
brauch der filtrierten  undu n filtrie rten  P roben m it der schwebenden Biom asse 
proportional. Das läß t sich auch an  den K urven  der Abb. 5, 6 u n d  7 v eran ­
schaulichen, die vom vorhergehend erw ähnten Zusam m enhang zeugen.
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Abb. 6. Sauerstoffverbrauch der filtrierten und unfiltrierten Proben des Stausees
»Pécsi-tó« im  Jahre 1972
Abb. 7. Sauerstoffverbrauch der filtrierten und unfiltrierten Proben des Stausees 
»Herman Ottó-tó« im  Jahre 1972
□  Stausee,,Orfüi-tó "
□  Stausee,, Pécsi-tó"
I  Stausee,, Herman O -tó”
eutroph
Abb. 8. Stickstoffgehalt der untersuchten Stauseen im D urchschnitt der Sommer'
m onate (Juni-A ugust 1972)
68
Diese A nnahm e wird auch durch jenen U m stand  bekräftig t, daß die Tendenz 
der Ä nderungen im  Chlorophyllgehalt weitgehend m it den Änderungen 
des Sauerstoffverbrauchs übereinstim m t. D er K orrelationskoeffizient (nach 
Ezekiel-Fox 1970 errechnet) zwischen diesen W erten  ist sehr eng, näm lich 
0,886; dies beweist eine sehr ausgeprägte K orrelation. Som it ist — nach 
unserer Auffassung — der m it der K alium perm anganatm ethode festgestellte 
Sauerstoffverbrauch in unseren Fällen als M aßstab fü r die in einem gewissen 
Z eitraum  bestehende T ro p h itä t zu verw erten. E s ist freilich in  B etrach t 
zu ziehen, daß in solchen seichten Gewässern an  verschiedenen Stellen des
3mg/m3
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Abb. 9. Phosphorgehalt der untersuchten Stauseen im  D urchschnitt 
der Somm ermonate (Juni-A ugust 1972)
W asserkörpers rech t große wasserchemische U nterschiede bestehen, und  
die G ültigkeit der vorausgehenden Feststellung ist in einem solchen R ahm en 
zu verstehen.
A uf G rund der un tersuch ten  T ro ph itä tsparam eter w urden für die S tau ­
seen verschiedene Reihenfolgen aufgestellt:
1. N ach dem  Stickstoffgehalt (Abb. 8).
2. N ach dem  G ehalt an  gelöstem Phosphor (Abb. 9).
3. Nach dem Chlorophyllgehalt (Abb. 10).
4. N ach dem  Sauerstoffverbrauch der Schwebestoffe m it der K alium ­
perm anganatm ethode gemessen (Abb. 10). (Alle Ju n i-A u g u st 1972.)
Aus dieser zusam m enfassenden Aufzählung ergibt sich, daß eine für 
Erholungszwecke geeignete W asserqualitä t allein in den tieferen Stellen 
der Stauseen »Orfüi-tö« und »Pécsi-tó« zu erw arten  und  festzustellen ist. 
An den seichteren Stellen beider Stauseen en tfa lte t sich dagegen zeitweise 
ein ausgeprägter eu tropher Zustand. D er Stausee »Herm an O ttó-tó« ist als 
ein ständ ig  eutrophes Gewässer zu betrach ten .
PH Y TO PLA NK TO N  U N D  TRO PH ITÄTSV ER H Ä LTN ISSE
Als E rgänzung zu den dargelegten limnologischen D aten  läß t sich folgendes 
über die qu an tita tiv e  u nd  qualita tive Zusam m ensetzung des P hy top lank tons 
der betreffenden Gewässer sagen.
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Abb. 11. Jahresverlauf der G esam t­
individuenwerte des Phytoplanktons 
in den untersuchten Stauseen (1972)
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Das P hy top lank ton  des Stausees »Pécsi-tó« hat u n te r den drei S tauseen 
die geringste durchschnittliche B evölkerungsdichte (Abb. 11). Die m axi­
m alen 27 Ind./l-W erte blieben in der un tersuch ten  Periode u n te r 1,5 
Millionen, die M inimalwerte lagen um  eine halbe Million. Das B evölkerungs­
m axim um  war das 3,3fache des M inimums. (Vgl. auch Abb. 13.) N ach den 
q u an tita tiv en  Phy top lank tonangaben  m üßte m an den Stausee »Pécsi-tó« 
zu den m esotrophen Gewässern zählen, es kann  sich aber bei einer Zunahm e 
d er Phosphor- und  Stickstoffvorräte (Zuschwemmung von K unstdünger, 
Z ufuhr von Abwässern usw.) offenbar sehr leicht zu einem ausgesprochen 
eu trophen  W asser um wandeln.
Ind./1.
Abb. 12. Hauptzüge der quantitativen Zusammensetzung des Phytoplanktons im
Stausee »Orfüi-to« (1972)
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Die 27 Ind ./l-W erte  des P hy top lank tons vom  Stausee »Orfűi-tó« schw ank­
ten  zwischen 460 000 und  7 900 000, das M aximum h a t also das Minimum 
um  das 17fache überboten. Dieser See ist der Typ eines von Zeit zu Zeit 
s ta rk  eutrophierten  Stillgewässers. E s ist gar n ich t vorteilhaft, daß gerade 
ein solches W asser das erste Glied der an  und  fü r sich labilen S tauseenkette 
ist (Abb. 11, 12).
Die 27 Ind./l-W erte des P hy top lank tons vom Stausee »Herm an O ttó-tó« 
lagen durchschnittlich  sehr hoch, um  4 Millionen. D er M axim alw ert von 
5 900 000 ü b e rtra f  den M inim alw ert von 2 Millionen um  das 2,9fache. 
Dieser Stausee rep räsen tiert ein Gewässer von ständig  hoher T roph itä t, 
ist ein echtes eutrophes W asser m it m ehreren polytrophen Zügen (s. Abb. 
11, 14).
Die limnologische In d iv id u a litä t der drei Stauseen wird durch die A b­
weichungen in der qualita tiven  Zusam m ensetzung und  in den D om inanz­
verhältnissen ihres P hy top lank tons noch beton ter un terstrichen.
P ü r  den Stausee »Orfüi-to« ist ein ständig  hoher Rhizosolenia longiseta- 
A nteil des P hy top lank tons kennzeichnend. Die P roduktionsm axim a w urden
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Abb. 13. Hauptzüge der quantitativen Zusammensetzung des Phytoplanktons im
Stausee »Pécsi-tó« (1972)
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vorwiegend von zwei M ikrophyten, von Planctomyces crassus und Crypto- 
monas ovata gebildet (s. Abb. 12).
In  dem  Stausee »Pécsi-tó« erreicht Rhizosolenia longiseta höhere In d i­
viduenw erte nur in der H erbstperiode; sonst sind in der Zusam m ensetzung 
des P hy top lank tons m engenm äßig einige Chlorococcales-Arten, ferner 
B laualgen (so im F rü h jah r Dactylococcopsis rhaphidioides, im Sommer 
Anabaena affinis, im H erbst Aphanizomenon flos-aquae), w eiterhin im 
F rü h jah r noch einige Characium-A rten von B edeutung. Geratium hirundi- 
nella kom m t u n te r den drei S tauseen n u r hier in einer größeren Ind iv iduen­
zahl vor, u. zw. im F rü h h erb st (Abb. 13).
Die D om inanzverhältnisse im P h y top lank ton  des Stausees »Herm an 
O ttó-tó« sind grundverschieden von denen der beiden anderen Stauseen. 
Gegen E nde W inter en tfa lte t sich hier eine eigenartige Uroglena volvox- 
Dom inanz, im F rü h jah r wird diese durch die gemeinsame Dom inanz von 
Cyclotella-Avten und  Trachelomonas volvocina abgelöst. Im  Sommer ist 
neben einer aus U ngarn  bisher n ich t bekannten  Aphanizomenon issatschen- 
lcoi-Dom inanz die Subdom inanz von Planctomyces bekeßi und Planctomyces 
crassus auffallend (Abb. 14). (Eine ausführliche Taxonom ie der in diesen
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Abb. 14. Hauptzüge der quantitativen Zusammensetzung des Phytoplanktons im
Stausee »Herman Ottó-tó« (1972)
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Stauseen Vorgefundenen Algen soll dem nächst in einer besonderen Arbeit 
veröffentlicht werden.)
N ach den bisherigen B eobachtungen kann  m an in den folgenden Jah ren  
m it einer gewissen W iederholung der aufgezählten D om inanzverhältnisse 
rechnen, doch können sich diese — eben infolge der L ab ilitä t dieser 
seichten Gewässer — auch gewisserm aßen um form en, zeitlich um lagern. 
Die weiteren B eobachtungen werden wohl diesbezüglich endgültigere A uf­
schlüsse liefern, die sowohl fü r die prak tische K enntn is dieser Gewässer 
als auch für eine allgem einere limnologische D eutung ähnlicher Gewässer 
von N utzen sein dürften .
Anschließend sei kurz über eine eigenartige Form  der A lgenm assen­
verm ehrung gesprochen, die sich im Stausee »Pécsi-tó« im F rü h jah r regel­
m äßig wiederholt. Diese M assenproduktion wurde im März 1973 eingehend 
un tersuch t. Es handelt sich dabei in der ersten Phase um  eine sog. »U nter­
wasserbodenblüte«, bei welcher B laualgen, vornehm lich Oscillatoria limosa, 
an  seichten Stellen des Sees am  Boden zusam m enhängende Algenteppiche 
bilden. Diese erheben sich dann  an die W asseroberfläche und bilden do rt 
an  dieser sekundären Stelle eine W asserblüte, die in dem  un tersuch ten  
konkreten  F all etw a 1/5 der gesam ten W asserfläche des Stausees bedeckte. 
Bei windiger W etterlage werden diese A lgenm atten ans U fer getrieben, 
wo dann  ihre Verwesung einsetzt. Am 23. 3. 1973 h a t eine solche — aus einer 
B odenblüte ausgegangene — W asserblüte eine 16 ha große F läche des 
»Pécsi-tó« eingenom m en. Diese W asserblüte h a t nach unseren Analysen 
676 kg Chlorophyll en thalten ; au f G rund dieser Angabe repräsen tierte  die 
W asserblüte 22,è Tonnen organischer K ohle. Solche u nd  ähnliche Algen­
m assenverm ehrungen sind für die eutrophen  Stillgewässer der gem äßigten 
Zone bekann t u nd  charakteristisch .
B ESPR E C H U N G  D E R  W ICHTIG STEN E R G EB N ISSE
V ersucht m an die U rsachen der unterschiedlichen T rophitätsverhältn isse 
der drei un tersuch ten  S tauseen zu erklären, so ist vor allem folgendes zu 
bem erken:
Die T rophitätsverhältn isse des Stausees »Orfüi-to« sind deshalb so u naus­
geglichen, wTeil dieser verhältnism äßig kleine Stausee von Verschm utzungen 
zeitweise s tä rk e r belastet wird.
D as verhältnism äßig niedrigere T rophitätsn iveau  des Stausees »Pécsi-tó« 
läß t sich au f die größere W assermenge, die größeren W assertiefen, ferner 
au f einen spärlicheren M akrophytenbestand am  U fer zurückführen.
Das ausgeglichen hohe T rophitätsn iveau  des Stausees »Herm an O ttó-tó« 
h a t seine U rsachen in dem durch die Überschwem m ung ins W asser geratenen 
reichen organischen M aterial, ferner in den Zerfallprodukten, die aus den 
zwei weiter oben liegenden Stauseen dahin  geleitet werden und  wahrschein­
lich auch in den höheren W assertem peraturen in der Vegetationsperiode. 
In  dieser S tauseenkette  kom m t näm lich das überleite te W asser in das 
nächste  Glied im mer aus der obersten, w ärm sten W asserschicht und so 
w ird die W assertem peratur der S tauseenkette entlang allm ählich höher. 
An einem A ugusttag  1972 wurde z. B. im »Orfüi-to« 26 °C, im »Pécsi-tó«
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schon 28,8 °C und  schließlich im »Herman O ttó-tó« 31 °C W assertem peratur 
gemessen.
Die Angaben, die über die zeitweise in großer Ind ividuenzahl au ftretenden  
Algen erm itte lt w urden, können m anches zur B eurteilung des In d ik a tio n s­
w ertes dieser Algen fü r eine zunehm ende E u trophierung  beitragen. (Vgl. 
die Problem stellungen der A rbeiten: Felföldy 1970, U herkovich 1970/71.)
Die Forschungen, die an  diesen und  ähnlichen Stauseen in den nächsten  
Ja h ren  noch fortgeführt werden sollen, dienen sowohl allgemeinen limnologi- 
schen als auch prak tischen  Zielen. Sie verfolgen u n te r anderem  das Ziel, 
a u f  limnologischer G rundlage eine gewisse Vorhersage über die künftig  
in  A ussicht stehende W assergüte zu ermöglichen. Die teilweise rein th eo re ti­
schen Ergebnisse sind auch fü r die Praxis, fü r die P lanung an  diesen Stauseen 
gewisserm aßen W arnzeichen und  wir m öchten hoffen, daß diese W arn ­
zeichen von der P rax is rechtzeitig und  richtig  verstanden und  verwendet 
w erden.
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INTRODUCTION
The presen t stu d y  is a contribu tion  to  the  Czechoslovak IB P /P T -P P  Section 
(P roductiv ity  of W etland Biome), the  field studies of which were com pleted 
in 1972. The stands in th e  O patovickÿ pond were stud ied  from  th e  po in t of 
view of production  by  a team  headed by D. D ykyjová from  1964. In  1972 
during th e  vegeta tion  period and, as fa r as possible, during the  whole 
year th e  p rim ary  production of m icrophytes, the  qualita tive  com position of 
algal populations and  th e  am oun t of chlorophyll in algae in the  selected 
pure stands of em ergent p lan ts were determ ined  in  order to  ob ta in  th e  
percentual ra tio  of m icrophytes in the  to ta l p rim ary  production of the  
stands. P relim inary  conclusions are given in  a report by  K om árková (1973).
The O patovickÿ pond belongs to  th e  fishpond system  of th e  Trebon 
basin. The m axim ally flooded area is 160.55 ha with 24.3 ha  ( =  15 per cent) 
of litto ra l vegetation. The m axim um  dep th  is 3.3 m, th e  average d ep th  of 
th e  pélagial zone being 1.8 m. In  1972, th e  pond was stocked w ith 30.9 
tons of tw o-year-old carp and  in  th e  sam e year a n a tu ra l production  of
0.21 tons per ha was achieved. This approxim ates the  average production 
of the  previous years.
Exclusively inorganic fertilizers w ith a small am ount of m ineralized soil 
com post were used to  increase carp production. In  1972, the  fertilization 
consisted of lime (24.Otons), lim estone ( 17.5 tons), superphosphate (3.0 tons), 
and potassium  salts (20.8 tons).
STANDS A N D  STATIONS
In  the  course of the  am elioration of the  pond, particu larly  the  w ater level 
was m easured and m ost of th e  litto ra l stands becam e flooded th roughout 
th e  year. The stations were s itu a ted  in a litto ra l of th is type. The station  
in  the  pélagial zone was selected in abou t th e  centre of th e  m ain w ater 
body. Eigure 1 and  Table 1 include more detailed  characteristics of the 
stations and  the  stands.
METHODS
In  order to  determ ine phy top lank ton  and  periphyton  p rim ary  production, 
the  oxygen light and  dark  bottles (LDB) technique was applied. LDBs 
were suspended in pairs a t  various depths e ither from  a float or from  sticks
situated  inside the  stands. The 
oxygen determ ination  was carried 
out by the  W inkler m ethod. During 
the  period of dense water-bloom , 
the  m ethod modified by B ruhns was 
used.
P eriphy ton  production was m eas­
ured according to  Pieczynska 
(1965). W hole stalks were cu t off close 
to  the  bottom  and so were leaves, 
and  together w ith  a  litte r  carefully 
rem oved from  a defined area (5-25  
dm 2). The whole m aterial was wash­
ed, occasionally scraped off into 
2-61  o f pond w ater which had  
previously been either s trained  or 
filtered off depending on the  quan­
t i ty  of algae. A fter th a t , th e  an i­
mals were rem oved and the  w ater 
containing th e  periphyton  was si­
phoned into light and  dark  bottles. 
A t th e  same tim e the  production o f 
the  washing w ater was measured.
Always tw o parallel samples were 
exposed in  situ  below the  surface 
and  a t the  dep th  where th e  last 
periphyton  had been found. The 
exposure, even in the  case of p hy­
top lank ton , lasted only a p a r t  o f 
the  day  (2-4  h), usually  abou t 
noon. A whole-day exposure was found to  be too long for the  studied 
ty p e  of water. The full-day production  was calculated by  using the  
coefficient of the  day  exposure irrad ia tion  (data  of the  K ipp  and  Zonen 
solarim eter ty p e  CM 1).
Algal biomass for determ ining chlorophyll was concentrated  on Millipore 
filters of a pore size of 0.5 pm  (produced by Synpor VCHZ Synthesia, Czecho­
slovakia). A fter th a t  the  sam ples were m echanically ground together with 
a  sm all am ount of m agnesium  carbonate and  pulverized carborundum  
(300 mesh). Since nitrocellulose filters were used we could no t em ploy 
L orenzen’s m ethod (1967).
The s tan d ard  deviation of the  sam pling and  of the  p rim ary  p roduction  
and  chlorophyll con ten t of periphyton  in th e  stands of Phragmites and 
Schoenoplectus was calculated. T h irty  random  sam ples—each of a 5 dm 2 
a rea—were tak en  from  over stands of 50 m2. The periphy tic  cover on the  
stalks was abou t 25 cm. The stalks and  th e  rest of th e  leaves were washed 
into 2 1 of filtered pond water. The results are expressed in un its per dm 2 
of th e  w ater surface.
The values of p rim ary  production were ob tained  a fte r a  3-hour parallel 
exposure of LD Bs in a dep th  of 30 cm below the  w ater surface inside the  
s tan d  to  ensure th e  same light conditions for all samples. The values o f
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Fig. 1. Situation o f the Opatovickÿ fish­
pond near Trebon and location o f  the 
stations and stands
TABLE 1
M a in  characteristics oj the littoral stations studied
No. of 
loca­
tion
Distance
from
open
water
(m)
1 Area of 
Stand stand 
(ha)
Density of 
stalks/m2*
Height of 
emergent 
plants
(Ш)
Annual 
production 
(dry wt/m2 of 
max. stand, 
crop)*
(g)
Note
1 20 Phragmites
communis
0.74 6i 2-2.5 872 =  ‘locality V’ 
in Hejnÿ (Ed.) (1973)
2 6
Glycerin
maxima
Utricular ia 
neglecta
0.50 202 0.5
970
6.9
floating stand
temporary 
inflow from 
pig farm
3 10 Bolbo-
schoenus
maritimus
0.60 72 0.6 334
6 3 Schoeno­
plectus
lacustris
0.15 157 1.3 650 narrow belt 
of + 5 m  width
9 50
Glyceria
maxima
Utricularia
neglecta
1.0 189 0.4
659
2.5
in limosal 
ecophase
* Average data o f  previous years.
stan d ard  deviation in th e  p rim ary  production and  chlorophyll conten t 
(Table 2) were different concerning Phragmites and  Schoenoplectus, 
possibly due to  the  species com position of th e  periphyton. I t  can be seen 
th a t  th e  density  of the  periphytic cover greatly  varied. This m ust be taken  
in to  consideration in using any m ethod for determ ining th e  prim ary  p ro ­
duction of periphyton .
The draw back of the  L I)B  m ethod modified for periphyton  is th a t  by 
separating  th e  periphyton  from the  substra te , the  algae lose their original 
m icroclim ate so th a t  the  studied com m unities assim ilate under planktonic 
ra th e r th an  periphytic conditions. Owing to  this, the m ethod of Assman 
(1951) is recom m ended (IB P  H andbook, No. 12), according to  which whole 
stalks o f p lan ts  (Equisetum ) are exposed in L iebig’s light and  dark  conden­
sers. This m ethod was applied on stem s of Schoenoplectus lacustris (Table 3). 
Several parallels of the  stem s were exposed in  situ  in the  condensers, 
filled w ith the  sam e filtered water. The periphy ton  was washed and scraped 
off from the  stalks and  th e  chlorophyll content determ ined. I t  was confirmed 
th a t  bo th  th e  periphyton  and  the  tissue of the substra te  assim ilate if  the 
periphyton  is th in  or covers only a p art of th e  stalk . I t  is impossible to  
determ ine the  production by th e  stalks if the  oxygen m ethod is used. B y 
scraping off the  periphyton  the  shading effect of periphytic organism s is
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TABLE 2
Statistical data for estim ating the production and chlorophyll content 
of periphyton (n  =  30)
P h ra g m ite s , June 15, 1973
BPP of periphyton chlorophyll a  in 
periphyton
Quality
mg 0 2/5 dm2 
(3 h) fig/5 dm2
X 1.03 80.7 Bacillario-
sx ±0.31 ± 20 .4
phyceae
coefficient of 
variation ±30.5% ±25.3%
Chlorophyceae
Schoenoplectus, August 2, 1973
BPP of periphyton chlorophyll a in 
periphyton
Quality
mg 0 2/5 dm2 
(3 h) Hg/5 dm2
X 2.70 303.3 Stigeoclonium
sx ± 0 .96 ±102.3
farctum  Berhold
coefficient of 
variation ±35.5% ±33.6%
Bacillariophyceae
elim inated. I f  dead stalks are used, the  o u tp u t of the  photosynthesis is 
strongly decreased though th e  chlorophyll concentration from the  washed 
and  scraped off stalks can be com pared w ith the  o ther concentrations.
A nother problem  is the  choice of the  corresponding stalks and  o f periphy­
ton  for exposure in the  light and  dark  condensers. According to  our results, 
A ssm an’s m ethod has been found to  be unsuitab le for the  stalks, the  green 
p a rts  of which are subm erged in water. The m ethod is either painstaking, 
since only one stalk  or one leaf can be exposed in th e  container to  avoid 
th e  shading effect, or not precise enough, if several sam ples are exposed. 
W etzel (1965) reports th a t  th e  oxygen m ethod is no t convenient for vascular 
p lan ts  because p a r t  of th e  produced oxygen is re ta ined  inside th e  p lan t 
tissues and  is, therefore, no t available to  the  chemical process. This error 
would evidently  also im pede the  m ethod of Assm an if used for the  
estim ation of p roductiv ity  of bo th  stalks and  algal periphyton.
Since the  m ethod we have used for determ ining the  prim ary  production 
of periphyton  is no t included into those recom m ended by  IB P , we w anted 
to  learn more abou t the error arising from  the  rem oval of the  periphyton  
from  the  substra te . The m ethod of the  inactive substra te  was checked in 
twTo experim ents. B oth  of them  were perform ed in the  sam e way, i.e. the
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TABLE 3
C omparison o f the methods of m easuring periphyton p rim ary  production  
according to A ssm a n  (1951) and  P ieczynska  (1965). A verages , ranges 
are given in  brackets
n
(pairs)
BPP mg 0 2/h • 100 m2 of 
Schoenoplectus  surface
chlorophyll a  /tg/100 cm2 
of periphyton on Schoeno-  
p lec tu s  surface
G re e n  s ta lk s  
w ith  p e r ip h y to n
io 0.69
(0 .5 1 -0 .9 9 )
156.1
(118 .4 -219 .0 )
G reen  s ta lk s , i6 0.60
p e r ip h y to n  re m o v e d (0 .4 0 -0 .6 8 )
D ead  s ta lk s 14 0.41 160.2
w ith  p e r ip h y to n (0 .3 3 -0 .4 8 ) (99 .6 -170 .0 )
R e m o v e d 16 0.35 170.8
p e r ip h y to n  in  w a te r (0 .24 -0 .48 ) (120 .5 -180 .4 )
periphy ton  in suspension (scraped off) and  th a t  in th e  original su b stra te  
of an adequate surface were exposed in the  therm olum in istat (18 °C and  
22 °C, 3000 W) for 21/2 hours. W ide-necked 250 ml bo ttles were used and  the 
centrifuged pond-w ater served as washing-water. One hour prior to  the  
beginning of the  experim ent, th e  w ater was bubbled through with air. 
A fter exposure, th e  con ten t of each bo ttle  was gently  shaken and  siphoned 
into tw o 50-ml oxygen bottles. From  th e  rest of the  suspensions and  th e  
periphy ton  the  chlorophyll conten t was estim ated.
The first experim ent was carried out with spring periphyton  growing 
on old stem s of Phragmites (April 1973). The periphyton  form ed an easily 
rem ovable slime which contained m ostly  diatom s and  young stages of
TABLE 4
Gross p rim ary  production and concentration of chlorophyll a in  periphyton growing on 
dead stems of P hragm ites in  spring. Averages, ranges are given in  brackets
n
BPP, mg 02/hour • 50 
cm2 of the P h ragm ites  
surface
0//0
chlorophyll g  |U.g/50 
cm2 of the P h ra g m ite s  
surface
or
D e a d  s te m s 
w ith
p e r ip h y to n
18 0.40
(0 .3 2 -0 .5 1 )
100 35.2
(2 4 .0 -4 2 .0 )
100
D e a d  ste m s , 
p e r ip h y to n  
re m o v e d  
B o th  e x p o sed
18 0.39
(0 .3 0 -0 .4 5 )
97.5 34.0
(2 6 .3 -3 9 .1 )
96.6
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TABLE 5
Oross prim ary  production and concentration of chlorophyll a  in  periphyton growing on 
PVC-belts. Averages, ranges are given in  brackets
Parts of the 
PVC-belt n
BPP mg O2/h-40 
cm2 of the 
belt
0 //О
chlorophyll a  
/xg/40 cm2 of the 
belt
O f/О
on the belt 0.61 100 32.2 100
Near the 
level
14
(0.35-0.69) (22.5-42.0)
removed 0.37 60.6 29.5 91.6
(0.25-0.55) (40-90.6) (29.0-33.6) (80-110)
on the belt 0.13 100 13.9 100
Above the 
bottom
14
(0.12-0.23) (11.9-15.0)
removed 0.10 73 12.9 92.8
(0.08-0.20) (57-100) (12.4-18.9) (79-100)
Tribonema  and  Microspora. F o r th e  second experim ent we used a 15-day-old 
periphy ton  grown on dark  coloured РУС belts having been suspended in 
th e  pond inside th e  Schoenoplectus s tand  in A ugust. The sum m er periphyton  
was distinguished by the  dom inance of firmly a ttach ed  colonies of Stigeo- 
clonium farctum. M oreover, d iatom s were present. The PVC belts were cut 
into adequate p arts , the  upper and th e  lower p a r ts  being investigated  
separately . The lower p a r t  of th e  belt contained a g reater num ber of anim als 
and  a sm all portion  of algae.
The results of th e  above experim ents are given in Tables 4 and  5. W hile 
in th e  first case th e  periphy ton  could be easily rem oved, in th e  second one 
a  scraper had  to  be used to  rem ove the  initial stages of Stigeoclonium farctum.
TABLE 6
Averages and ranges of more im portant chemical and physical data in
n
10-open water 6—Schoenoplectus
X range X range
Temperature, CC 12 13.6 3-22 14.0 3-22
Transparency, m 12 1.3 0.4-2.5
pH 12 8.2 7.6-9.5 8.3 7.3-8.9
Alkalinity, mEq/1 10 2.0 1.2-2.5 2.05 1.4-2.5
Hardness, °germ. 3 4.8
0 2 mg/! 12 9.8 8.3—7.9 11.7 7.2-18.3
N 0 3—N, mg/1 9 0.09 0.02-0.37 0.08 0.004-0.295
N 0 2—N, mg/1 10 0.022 0.002-0.081 0.022 0.001-0.057
N H j-N , mg/1 11 0.70 0.30-1.54 0.70 0.38-1.36
Organie-N dissolved, mg/1 9 1.62 0.2,5-3.03 2.35 0.11-5.60
P 0 4- P ,  mg/1 10 0.063 0.11-0.23 0.11 0.007-0.344
Total P dissolved, mg/1 8 0.84 0.03-3.10 0.22 0.016-0.460
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In  th e  first experim ent we found roughly th e  same production  in bo th  
groups o f parallels, in the  second experim ent (Table 5), oxygen p ro ­
duction of the  scraped-off periphy ton  was about 40 per cent lower th a n  
th a t  of the  in tac t ones.
In  th e  first experim ent, the  chlorophyll con ten t of th e  periphy ton  m erely 
washed off from the  stem s was sim ilar to  th a t  obtained by  scraping. P a r t  
of the  rem oved algal cells was com pletely destroyed resulting in a loss- 
o f chlorophyll. The o ther p a r t was p a rtly  destroyed, w ith th e ir pho tosyn­
th e tic  ac tiv ity  thus decreasing. This corresponds to  the  difference betw een 
th e  pho tosyn thetic  ac tiv ity  and  th e  chloropyll content.
Stigeoclonium farctum  and  o ther colonies firm ly a ttach ed  to  the  su b s tra te  
appeared  in the  periphyton  in our litto ra l only a t  the  end of the  vegeta tion  
season when th e  shading effect o f the  fully developed stands was th e  
g reatest and  th e  production of periphy tic  algae declined.
The experim ents have proved th a t  th e  oxygen m ethod used, modified 
by  Pieczynska, is no t suitable for uncontrolled losses of the  dam aged  
cells during th e  rem oval of the  periphyton . I t  seems th a t  none of th e  m ethods 
determ ining the  production from  th e  differences of th e  oxygen con ten t 
in the  light and  dark  bottles is su itable, if only the  production  of peri­
p h y to n  is to  be determ ined. The 14C-m ethod could also no t be used w ithou t 
corrections because of th e  g reat am ount of bac teria  and  organic m a tte r  
in the  litto ra l of our ponds. The o ther estim ations based on biom ass, 
on its  nitrogen con ten t or organic m a tte r are im peded by th e  p resence 
o f anim als and  organic de tritus.
A t all th e  stations stud ied  in 1972, th e  m ain chemical and  physical m eas­
urem ents were m ade on pH , alkalin ity , oxygen conten t, hardness, N 0 3—N , 
N H 3—N, organic N  dissolved, P 0 4 —P  and to ta l P . All th e  m ethods used 
are described in H rbácek e t al. (1962), and detailed  d a ta  are given in K om ár- 
ková and  P fib il (1973). The averages and ranges for th e  season stud ied  
(M arch—Novem ber 1972) are given in Table 6. F o r th e  qualita tive  com ­
position of phy top lank ton  and  periphyton  th roughou t th e  year see K om árek  
(1973a, b) and  K om árek e t al. (1973).
M arch-N ovem ber, 1972 in  the Opatovicky fishpond
1 -Phragmites 3 - fíolboschoenus 9--Glyceria
X range X range X range
13.2 3 .0 -2 0 .5 14.1 3 -2 2 15.8 3 .0 -2 3 .0
8.21 7 .4 -9 .2 5 7.7 6 .4 -9 .4 7.6 5 .7 -8 .6
2 .0 1 .2 -2 .6 2.11 1 .2 -2 .6 2 1 .4 -2 .6
10.5 6 .3 -1 3 .9 8.7 5 .1 -1 3 .2 11.4 6 .3 -1 9 .9
0.04 0 .0 0 1 -0 .0 7 5 0.05 0 .0 0 2 -0 .1 0 9 0.05 0 .0 0 2 -0 .1 2 9
0.026 0 .0 0 7 -0 .0 7 8 0.027 0 .0 0 4 -0 .0 8 4 0.021 0 .0 0 2 -0 .0 9 3
0.55 0 .1 6 -0 .9 4 0.68 0 .3 1 -1 .3 3 0.51 0 .2 8 -1 .0 0
2.92 0 .2 5 -4 .9 0 2.35 0 .1 7 -4 .3 4 2.01 0 .3 6 -4 .3 6
0.06 0 .0 0 8 -0 .1 7 6 0.10 0 .0 1 -0 .3 0 0.07 0 .0 2 1 -0 .1 5 8
1.36 0 .0 1 -8 .9 0 0.71 0 .0 1 5 -3 .3 0 0.06 0 .0 1 3 -2 .4 0 0
6* 8»
R ESU LTS OF T H E  SEASO NAL STUD Y  OF PH Y TO PLA N K TO N  A N D  
P E R IP H Y T O N  IN  T H E  LITTORAL A N D  T H E IN FL U E N C E  OF TH E
O PE N  W A TER
The seasonal courses of th e  m ain chemical and  biological d a ta  are shown 
in Figs 2-7. T hey are discussed in g reater detail in a paper by K om árková 
(1973).
Fig. 2. Course o f  the 1972 production data  o f  phytoplankton (locality 10) in the 
O patovickÿ fishpond compared with the m ain ecological factors. The light intensities 
represent m onthly  m eans o f the daily  sum s o f  global radiation and daily sum s o f  
FfrA li on the days o f  measuring. For explanation o f  the groups o f  algae see F ig . 7
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big. 3. Course o f the 1972 production data o f  phytoplankton and periphyton in the 
Phragm ites-stand (locality 1) in the O patovicky fishpond, compared with the m ain eco­
logical factors. The light intensities represent m onthly m eans o f the daily sum s o f global 
radiation and daily sum s o f P tlA P  on the days o f measuring. For explanation o f the
groups o f algae see F ig. 7
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T ig. 4. Course o f  the 1972 production data o f  phytoplankton and periphyton in the  
Schoenoplectus-stand  (locality 6) in the Opato vickÿ fishpond compared w ith the main  
ecological factors. The light intensities represent m onthly m eans o f the daily  sums o f  
global radiation and daily sum s o f  P h A R  on the days o f measuring. For explanation  
o f the groups o f  algae see Fig. 7
W e found a g reat influence o f the  chemism of open w ater on th e  quality  
o f  w ater inside the  litto ra l s tands studied. The chemism of the  open w ater 
was influenced, to  some ex ten t, by  fertilization. The effect o f the chemism 
o f  w ater (organic N  dissolved, oxygen content) was m ost conspicuous a t 
s ta tio n  No. 9 (Glyceria-stand) in spring when a great am ount of filam entous
«6
Fig. 5. Course o f  the 1972 production data o f  phytoplankton and periphyton in the  
Bolboschoenus-stand (locality 3) in the O patovickÿ fishpond compared w ith the main  
ecological factors. The light intensities represent m onthly m eans o f the daily sum s o f  
global radiation and daily sum s o f P ^ A li  on the days o f  measuring. For explanation  
o f the groups o f  algae see F ig. 7
algae appeared  followed by a g reat population of Daphnia. O ther extrem e 
values appeared  inside the  s tan d  of Phragmites (Fig. 3).
From  th e  po in t of view of p rim ary  production and  chlorophyll conten t, 
m ost sim ilar to  the  pélagial was sta tio n  No. 6 (Schoenoplectus), owing to  the  
charac ter of the  stand , i.e. a narrow  belt of leafless stalks exposed to  wind
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Fig. 6. Course o f the 1972 production data  o f  phytoplankton and periphyton in 
localities 2 and 9 o f  Glycerin-stand, in the Opatovickÿ fishpond compared with  
the m ain ecological factors. The light intensities represent m onthly m eans o f  the  
daily  sum s o f global radiation and the daily sum s o f  P ^A R  on the days o f  measuring.
For explanation o f the groups o f algae see Fig. 7
action. Som ewhat less affected were th e  stands of Bolboschoenus and  Glyceria 
(stations No. 9 and  No. 2) had  th e  sm allest contact w ith th e  open w ater 
('Glyceria in limosal ecophase). A p articu la r case is represented by  sta tion  
No. 1 (Phragmites), being strongly  influenced by large am ounts of cyano- 
phycean w ater-bloom  blown from th e  pélagial by  the  prevailing winds
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Fig. 7. Course o f the 1972 production data o f periphyton o f  floating Utricularia- 
clusters in localities 2 and 9 in the Opatovickÿ fishpond. The light intensities represent 
m onthly m eans o f  the daily sum s o f global radiation and daily sum s o f 1 \A  1! on the
days o f  measuring
during sum m er (the am ount of chlorophyll see in Fig. 3). U nder strongly  
reduced light conditions the  water-bloom  decayed, con tribu ting  only  
slightly  to  the p rim ary  production . This was no t observed in th e  o ther 
s tands because the  regu lar arrangem ent of the  stalks of Phragmites allows 
th e  w ater-bloom  to p en e tra te  deep into the  stands.
There is no specific litto ra l p lank ton  in the  O patovickÿ fishpond either, 
concerning th e  abundance of ph y to p lan k to n  th roughout th e  year (cf. 
S traskraba 1963). The abundance o f algal species varies according to  locality. 
The sim ilarity  of th e  sets of p lanktonic species a t  the  stud ied  sta tions is 
based (Fig. 8) on the  calculation of th e  hom otoneity  index (according to  
Sorensen 1948, Moravec 1971) am ong th e  p lanktonic com m unities in
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Fig. 8. Interaction between the pélagial and littoral in the species composition of phyto­
plankton in the studied localities in 1972. The black columns represent the percentage 
o f  species occurring in both biotopes, the white columns the species occurring only in 
the littoral (lit.) or pélagial (pel.). Localities: 3 =  B olboschoenus, 1 =  P h ra g m ites ,
6 =  Schoenoplectus, 9 =  G lycerin
Fig. 9. Comparison of plankton primary production (mg 0 2 m -2 day-  ') in the open 
water and in different littoral stands and the course of homotoneity index (calculated 
according to So r e n s e n  1948) of the phytoplanktonic communities (open water: 
different littoral stands) in 1972
the  litto ra l and  pélagial (Fig. 9). The hom otoneity  index was sim ilar a t all 
sta tions, especially during sum m er ranging between relatively  high values 
(60-70 per cent). I t  is no tew orthy  th a t  th e  g reatest differences in the  
species com position of the  litto ra l and pélagial phy top lank ton  production 
were observed in spring when the  stands of litto ra l p lan ts are relatively  low 
and  th in .
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The differences in the  qualita tive  com position of periphy ton  of th e  
individual stands were thoroughly  stud ied  by  K om árek e t al. (1973). 
A series o f species specific for periphy ton  was defined b u t no substan tia l 
differences were found in the  com position of periphyton  betw een the  ind i­
vidual stations. A specific and  characterist ic com position of algal populations 
was observed only in periphyton  growing in th e  clusters of Utricularia.
ANNUAL PRODUCTION OF MICRO- AND MACROPHYTES 
IN THE OPATOVICKŸ POND
W e calculated the to ta l (M arch-N ovem ber 1972) production of m icrophytes 
tak ing  into account the  course o f daily  solar rad ia tion  during the  days 
of sam pling and  also all o ther days. Table 7 contains th e  m easured values. 
In  order to  com pare th e  production of individual com ponents of the  to ta l 
p rim ary  production  in th e  stands, all d a ta  were transferred  to  annual net 
p roduction and  expressed in kcal per m2 (Table 8). The d a ta  on m acrophytes 
are the  average values of th e  m axim al above-ground biomass for hom o­
geneous stands estim ated  by D vkyjová and  Ondók (personal communi-
TABLE 7
S ea so n a l p ro d u c tio n  o f m icro- a n d  m acrophytes ( a c tu a lly  m ea su red  d a ta )
Microphyte, gross primary production in g Ог/ т г (season: March-November 1972)
locality 10-pelagial 6 -S c h o e n o p l . 1 - P h r a g m i t . 3 -B o lb o s c h . 2 - G ly c e r ia 9- G ly c e r ia
Phytoplankton 1,491.6 490.9 161.6 343.1 261.3 249.9
Periphyton on macrophytes 166.8 131.5 119.6 118.4 152.0
Periphyton on Utricularia 64.4 23.6
Macrophyte, seasonal max. biomass in g dry wt/m2 (maximal standing crop-averages 1972)
Emergent macrophytes 
(density)
650
(157)
872
(61)
334
(72)
970
(202)
659
(189)
Utricularia 6.9 2.5
TABLE 8
Ask content a n d  oxyca lorific  coefficients (kccd/g org. w t)  o j the m a cro p h ytes
stu d ied  in  sta n d s
S ch o e n o p le c tu s P h ra g m ite s G lyceria B o lb o sch o en u s U tr ic u la r ia
Per cent of ash 7.0 6.5 7.3 8.0 20
Oxycalorific 
coefficient 
kcal/g org.wt
4.3 4.8 4.5 4.3 4.5
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TABLE 9
N e t p ro d u c tio n  o f the d iffe ren t com ponen ts o f litto ra l vegetation
10—open w ater 6- S c h o e n o p le c tu s
kcal/m2 kcal/m 2 о//О
micro macro micro macro
Phytoplankton
gross 5 ,1 5 2 1 ,6 9 6
net 3 ,8 0 4 1 ,2 7 2 2 9
Periphyton on emergent macrophytes
gross 6 0 2
net 4 5 1 11
Periphyton on Utricularia
gross
net
Microphytes, total 3 ,8 6 4 1 ,7 3 2
2 ,6 0 4
4 0
Emergent macrophytes net
Utricularia net
Macrophytes, total 2 ,6 0 4 6 0
Primary production, total 3 ,8 6 4 4 ,3 3 6 1 0 0
cation). Thus th e  m easured values were transferred  to  energetic un its 
using th e  coefficients found for the  stud ied  stands (Table 9).
According to  W estlake (1965), th e  n e t p rim ary  production of th e  stand  
corresponds to  the  m axim um  value of th e  seasonal standing  crop. E xcep­
tions are th e  stands of Glyceria the  annual losses of which am ount to  about 
15 per cent. According to  the  predeterm ination  of D ykvjová, we raised the 
to ta l above-ground biom ass by  10 per cent.
We assum ed, furtherm ore, th e  production of phy top lank ton  and  periphy­
ton  during the  w inter m onths to  be com parable w ith th e  d a ta  of P ieczynska 
and  Szczepanska (1966) in M asurian lakes where the  production of p h y to ­
p lank ton  was 10.7 per cent and  th a t  of periphyton  15.6 per cent of the  
y ea r’s yield for th ree  w in ter m onths: December, Jan u a ry  and  February . 
The annual production of periphyton  did  n o t sim ilarly increase in th e  stands 
of Bolboschoenus m aritim us  and  Utricularia neglecta whose stem s are in ­
capable of persisting th roughou t th e  w inter. A dditionally, it m ust be no ted  
th a t  th e  production of periphy ton  is underestim ated, to  a  certain  ex ten t, 
when th e  results of th e  above experim ents are considered.
As no sufficient d a ta  are available on th e  relationship between th e  actual 
p roduction and  d a ta  m easured during our determ inations we analysed 
our d a ta  w ithout any  corrections. E ven  if  th e  production  of periphy ton  
were raised by abou t 10 per cent it would share only by  a sm all percentage 
in th e  to ta l production  of the  litto ra l. Clusters of Utricularia in which
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in  the 6 localities in the Opatovicky fishpond
1 —P h ra g m ite s 3 -  B olboschoenus 2—G lyceria 9—G lyceria
kcal/m2 О //о kcal/m2 О//0 kcal/m2 % kcal/m2 %
micro macro micro macro micro macro micro macro
558 1,184 902 863
418 9 8 8 8 36 676 12 647 15
474 373 427 548
356 7.5 279 11 320 5.5 411 10
— —
201 74
151 2.5 55 1
774 16.5 1,167 47 1,147 20 1,113 26
3,913 1,321 4,450 3,024
232 85
3,913 83.5 1,321 53 4,682 80 3,109 74
4,687 100 2,488 100 5,829 100 4 222 100
the  production of periphy ton  several tim es exceeds th a t  of higher p lan t 
m ight be of in terest.
The fact th a t  the to ta l p roduction of the  litto ra l zone (including secondary 
production) is m uch lower th an  th a t  of the  pélagial one was proved by  S tras- 
k rab a  (1963) who stud ied  tw o ponds w ith shallow litto ra l in the  B latná  
region (South Bohemia) from  the  viewpoint of fish production during the  
sum m er season. H is d a ta  are based on the  nitrogen conten t of th e  sam ples; 
consequently, i t  is impossible to  d ifferentiate the  algal com ponent by  itself.
D a ta  on th e  p rim ary  production of th e  litto ra l in lakes are given by  
Pieczynska and  Szczepariska (1966). A lthough th ey  stud ied  th e  conditions 
in a sim ilar ty p e  of litto ra l, using the  same m ethod, th ey  found the  p roduc­
tion of periphyton  to  be the  sam e as th a t  of phy top lank ton . I t  seems th a t  
th e  litto ra l zone of a lake and  th a t  of a fertilized pond differs in th is sense.
The to ta l annual production for individual stands was the  highest a t  s ta ­
tion  No. 2 (Glyceria s tand), and  nex t to  it, a t  s ta tio n  No. 9, also a Glyceria 
s tan d  w ith the  highest w ater level.
F rom  the  po in t of view of p rim ary  production, in all our s tands m acro­
phytes were the  m ost im portan t and, a t the  second place, phy top lank ton  
despite th a t  its production  was lim ited by the w ater level. The periphyton , 
was least im p o rtan t producing only large am ounts of filam entous algae 
in spring. F or g reat p a r t  of th e  vegetation period the algal p roduction was 
strongly  lim ited by th e  shading effect of the  m acrophyte stands.
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SCHÄTZUNG D E R  PR IM Ä R PR O D U K T IO N  IM TOTEN 
DONAUARM  VON TOLNA UND IM  W A SSER DES SEES 
NAGYSZÉKTÓ VON K IS T E L E K
von
Z s u z s a n n a  T .  D v i h a l l y
UNGARISCHE DONAUFORSCHUNGSSTATION, H-2131, ALSÓGÖD, UNGARN
M ehrere Jah re  h indurch  w urden in  verschiedenen Jahreszeiten  die p ro d u k ­
tionsbiologischen V erhältnisse des to ten  D onauarm es von Tolna (Dvihally 
1971a) sowie einen ganzen Somm er lang wiederholt die biologischen und  
chem ischen V erhältnisse des Sees N agyszéktó von K istelek (D vihally und 
Ponyi, 1957) un tersuch t. Die U ntersuchungen haben sich au f den Sauer­
stoffhaushalt, die wasserchemischen V erhältnisse un d  die optischen E igen­
schaften  sowie au f die P rim ärproduk tion  der beiden stehenden Gewässer 
erstreck t.
Der wichtigste gem einsame Zug beider Gewässer ist die im Vergleich zur 
großen W assermenge verhältn ism äßig  geringe Tiefe. Dennoch unterscheiden 
sie sich voneinander in bezug a u f die chemischen V erhältnisse in hohem 
G rade. W ährend der to te  D onauarm  von Tolna in der chemischen Z usam ­
m ensetzung die chemischen E igenschaften des Donauwassers bew ahrt, also 
ein Gewässer vom Ca + + — HCOj" -Typ ist, ist der N agyszéktó von K istelek 
eines der charak teristischen  N a + —CÖ3 — HCO.f -halt igen N atrongew ässer
der Großen Ungarischen Tiefebene (Alföld).
D er to te  D onauarm  von Tolna h a t eine F läche von 143,84 ha  und  ist 
ein durchschnittlich  1—2 m tiefes stehendes Gewässer, dessen U fer von 
flachem W aldgelände und  landw irtschaftlich  bebautem  Gebiet um geben 
ist. Der G rund des F lu ß b e tts  ist m it schwefelwasserstofffreiem schwarzem  
Schlam m  bedeckt. E ine höhere V egetation oder subm erse W asserflora 
g ib t es hier kaum , doch ist das W asser reich an  P lank ton . D er Arm  wurde 
an  beiden Seiten m it einem starken  D am m system  vom eigentlichen Strom  
abgetrenn t. D er seit vielen Jah rzeh n ten  selbständige D onauarm  kom m t 
selbst bei den größten Ü berschw em m ungen n ich t m it dem  Strom  in V er­
bindung, das Sedim ent des Fließgewässers h a t sich au f seinem G rund 
abgelagert, wodurch sich die D urchsichtigkeitsverhältnisse des W assers 
im H inblick au f die E ntw icklung des Planktons günstig v erändert haben. 
Auch der T em peratur- und  S toffhaushalt haben sich langsam  u m ­
gestellt, das W asser wurde eu tropher und  die P roduk tion  von organi­
schem Stoff der in ihm en tstandenen  und fü r stehende Gewässer typischen 
Lebensgem einschaft übertrifft wesentlich die P rim ärproduk tion  des P h y to ­
p lanktons der Fließgewässer. Das W asser ist im W inter durchsichtig, in 1 m 
Tiefe d ring t bis zu 16% der au f die Oberfläche fallenden L ichtm enge ein, 
hingegen w ird es im F rü h jah r trü b , gelblichgrün und  in 1 m Tiefe ist bloß 
0,025%  des L ichtes der Oberfläche vorhanden. Zu jeder Jah reszeit ist im 
W asser die Transm ission des gelblichgrünen Lichtes am  größten. Die Ge­
sam tm enge des gelösten Salzes des W assers liegt zwischen 420-680 mg/1,
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der pH -W ert wechselte im Laufe der U ntersuchungsjahre zwischen 
7,7-8,7.
D er N agyszéktó von K istelek  ist ein sich m enrere K ilom eter lang durch 
Ackerland, P u ß ten  un d  W eiden m it Szikboden erstreckender, weniger 
als 1 m  tiefer N atronsee. Seinem U fer entlang findet sich etw a in 20 m 
B reite ein Schilfgürtel und  innerhalb dieser Zone ein ebenfalls etw a 20 m 
b re ite r B insengürtel. Seine wasserchemischen Verhältnisse zeigen im Laufe 
des Jah res  infolge der T em peraturschw ankungen, der R espiration  u nd  der 
im W asser vor sich gehenden intensiven biologischen Prozesse starke 
Ä nderungen. Sein W asser ist im Sommer, so auch in der U ntersuchungs­
periode, s ta rk  konzen triert, es dom inieren in ihm N a,- C 03- u nd  H C 03- 
Ionen, w ährend die Menge der übrigen gelösten B estandteile, z. B. die 
des K alzium s, völlig in den H in terg rund  tr i t t .  D er gelöste G esam tsalz­
gehalt b e träg t im Somm er m ehr als 3 000 mg/1, sein pH -W ert liegt über 
10! Die F arb e  des W assers ist charakteristisch  gelblichbraun, in einzelnen 
Perioden infolge des Ausscheidens des sich in kolloidem Z ustand  befindlichen 
C a('().{ m ilchartig  grau. In  das W asser dringen — im Gegensatz zu dem 
klaren W asser u nd  dem  W asser des to ten  D onauarm es von Tolna — die S trah ­
len von langer W ellenlänge am  tiefsten  ein, und  deshalb bilden über einer 
bestim m ten  Tiefe, im U ntersuchungssom m er in einer 40-60 cm übertreffen­
den Tiefe, ausschließlich die S trahlen des ro ten  Farbenbereiches das L ich t 
(Dvihallv 1958, 1961, 1971b).
In  beiden Seen ist ein lebhafter tages- und  jahreszeitlicher Sauerstoff­
dynam ism us w ahrzunehm en. Die absolute Menge des gelösten Sauerstoffes 
ist im W inter in beiden Gewässern s ta rk  erhöht, hingegen sind die tages­
zeitlichen Sauerstoffschwankungen im W inter gering. Im  W in ter sind also 
die täglichen Sauerstoffkurven flacher, ausgeglichener als im Sommer. 
Die S ättigungsw erte sowie ihre täglichen Schwankungen sind ebenfalls 
im Somm er größer als im W inter. Die m axim ale S ättigung betrug  im to ten  
D onauarm  von Tolna 240% , im N agyszéktó von K istelek  186%.
Die sich au f das Ausm aß der P rim ärproduk tion  beziehenden U n tersuchun­
gen dauerten  in jedem  Falle 24 S tunden. U m  die vom  G esichtspunkt 
der P roduk tion  ak tive Periode, also die im Laufe des Tages vor sich gehende 
P roduk tion  fortlaufend, ohne U nterbrechung verfolgen zu können, wurde 
die 24stündige Periode von 4 U hr früh  des ersten U ntersuchungstages bis 
4 U h r des nächsten  Morgens gerechnet. In  den zwei Seen w urde die In te n ­
s itä t der P rim ärproduk tion  einerseits m it der von zahlreichen Verfassern 
angew andten, bereits als klassisch geltenden Hell-Dunkelflaschen-Sauer- 
stoffm ethode un tersuch t. Die E n tnahm e der W asserproben geschah m it 
dem  M aucha-W ereschtschaginschen W asserprobenentnehm er, wobei m it 
dem  durch ein einziges Schöpfen aus derselben Tiefe entnom m enen W asser 
sowohl die Hell- als auch die D unkelflaschen gefüllt werden konnten ; aus 
dem selben W asser erfolgte auch die Bestim m ung des Ausgangssauerstoff­
gehaltes sowie die E rm ittlu n g  der m it der P roduk tion  zusam m enhängenden 
w ichtigsten F ak to ren  (Tem peratur, T rübheit, pH , A lkalin itä t usw.). D ie 
D unkel- und  Hellflaschen sind m it eingeschliffenen Pfropfen versehene 
Glasgefäße von etw a 125 ml Volumen. Die Dunkelflasche wurde außerdem  
zur Zeit der E xposition  auch in eine Alufolie eingepackt. Die Flaschen 
w urden für 24 S tunden in die gleiche W assertiefe zurückversenkt, aus der 
die in ihnen en thaltenen  W asserproben stam m ten . Aus der Differenz des
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A nfangssauerstoffgehaltes und  des Sauerstoffgehaltes der 24 S tunden lang 
exponierten  D unkel- u nd  Hellflaschen w urden die tägliche B ru tto - und  
N ettoprim ärproduk tion  sowie die R espiration errechnet.
Das Maß der P rim ärproduk tion  wurde in jedem  Fall auch m it der M ethode 
von Odum  (1956) sowie Odum und  H oskin (1958), m it der R egistrierung 
der aus den im W asser der Seen vor sich gehenden Sauerstoffveränderungen 
gewonnenen 24stündigen Sauerstoffkurve geschätzt. An den U ntersuchungs­
tagen  wurden 2stündlich die Schwankungen des gelösten Sauerstoffgehaltes 
im  W asser der Seen an O rt und  Stelle gemessen. Die B ru tto p rim ärp ro d u k ­
tion  u nd  die R espiration  w urden a u f G rund der im gelösten Sauerstoffgehalt 
ein tre tenden  Ä nderungen graphisch bestim m t. Da der W ert der Sauer­
stoffsättigung im Laufe des Tages in jedem  Falle s ta rk  veränderlich war, 
wurde der Sauerstoffwechsel zwischen W asser und  A tm osphäre, d. h. das 
Maß der Diffusion fü r jede S tunde des Tages errechnet und  m it diesen W erten  
w urden die P roduktionskurven  korrigiert.
Säm tliche Sauerstoffbestim m ungen w urden m it der ursprünglichen 
M ethode von W inkler sofort an  O rt und Stelle durchgeführt.
Im  un tersuch ten  A bschnitt des to ten  D onauarm es von Tolna kan n  die 
produktionsbiologische Rolle des B enthos und des P eriphy tons vernach­
lässigt werden, da die limnische Lebensgem einschaft vor allem planktonisch 
ist. D eshalb d ienten als G rundlage fü r die Schätzung der P rim ärproduk tion  
vor allem jene Ergebnisse, die m it der H ell-D unkelflaschenm ethode gewon­
nen wurden. Dem gegenüber ist die Lebensgem einschaft im N agyszéktó 
von K istelek  heterogen, an  der P roduktion  sind sowohl das P lan k to n  als 
auch die Organismen des B enthos und  des P eriphy tons beteiligt, ja  selbst 
die Rolle der höheren W asservegetation der Uferzonen kann  n ich t ver­
nachlässigt werden. H ier wurde also das Maß der P rim ärproduk tion  m it 
den im W asser selbst vor sich gehenden Ä nderungen der Sauerstoffverhält­
nisse, d. h. m it der R egistrierung der 24stündigen Sauerstoffkurve geschätzt .
Im  W asser des to ten  D onauarm es von Tolna schw ankte an  der W asser­
oberfläche die B ru ttop roduk tion  zwischen 2-23 g/m 3/Tag, au f dem  G rund 
zwischen 0-5  g/m 3/Tag, im N agyszéktó von K istelek  zwischen 72-122 g/m 3/ 
Tag, in Sauerstoffw erten ausgedrückt (Tabelle 1).
Die B ru tto p ro d u k tio n  ist eine grundlegende Angabe und  bildet eine 
Ausgangsbasis zu den weiteren Produktionsberechnungen; in unserem  F all 
d rü ck t sie die Geschwindigkeit der B ildung des neuen organischen Stoffes, 
d. h., die der P roduk tion  in Sauerstoffw erten aus, jedoch en th ä lt sie auch 
die durch die binnen 24 S tunden ein tre tenden  Ä nderungen der Diffusion, 
der R esp iration  und  der Biomasse im Ökosystem  ein tre tenden  Sauerstoff­
verluste. F ü r die K onsum enten  des lim nischen Lebensraum es ist jedoch 
von ökologischem G esichtspunkt die effektiv zur Verfügung stehende, 
verw endbare organische Stoff- bzw. Sauerstoffm enge wichtig, deren P ro ­
d u k tionsin tensitä t vom  Wert der N ettoprim ärproduk tion  angezeigt wird. 
Die W erte der N ettoprim ärproduk tion  schwanken an der W asserober­
fläche im to ten  D onauarm  von Tolna zwischen 0-20, a u f dem  G rund zw i­
schen 0-3  u nd  im W asser des N agyszéktó von K istelek  zwischen 4 —44 g 
0 2/m 3/Tag. Die R espirations w erte betragen an der Oberfläche des to ten  
D onauarm es von Tolna 2-10, au f dem G rund 0-10 und  im N agyszéktó 
24-89 g 0 2/m 3/Tag.
Die W erte der B ru tto - u nd  N ettoprim ärproduk tion  waren im W asser
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TABELLE 1
Bruttoprimär­
produktion Nettoprimär- Respiration
CP) Produktion (10 P/R
g 0 2/m3/24 h g 0 ,/m s/24 h g Oa/m3/24 h
Donauarm vom Tolna
11. VII. 1968 Oberfläche 8,5 7,0 3,1 2,7
3-4. X II. 1968 Oberfläche 3,1 2,2 1,9 1,6
Wassergrund 3,0 2,7 0,6 5,0
14-15. V. 1969 Oberfläche 0,1 0,0 5,1 0,02
Wassergrund 2,6 0,0 10,4 0,25
22-23. VII. 1969 Oberfläche 23,2 20,4 5,3 , 4,4
Wassergrund 0,2 0,0 5,1 1 0,04
20-21. X. 1969 Oberfläche 14,0 —
Wassergrund 7,0 —-
13-14. VII. 1971 Oberfläche 17,5 11.3 12,5 1 1,4
Wassergrund 1,4 0,0 10,4 1 0,13
27-28. IX. 1971 Oberfläche 17.4 14,6 5,7 3,0
Wassergrund 4.6 0,0 4,8 0,95
15—16. XI. 1971 Oberfläche 8,5 6,7 3,7 2,3
Wassergrund 2,7 0,0 4,0 0.7
24-25. 1. 1972 Oberfläche 3.2 2,0 2,4 1,3
W asser gr u n d 2,4 2,4 0,0
20- 21 . III. 1972 Oberfläche 7,9 4.9 6,1 1 1.3
Wassergrund 4.0 0,0 6,7 j 0,6
15-16. V. 1972 Oberfläche 3.6 2,9 1,5 2,4
Wassergrund 0,6 0,0 1,7 1 0,4
N  agy széktó von Kistelek
4-5. VI. 1955 Freies Wasser 88 44 24 1 1.8
11. VII. 1955 Freies Wasser 118 26 72 0,4
Binsengraszone 122 13 89 0,14
Schilfzone 72 4 48 0,08
des to ten  D onauarm es von Tolna im Somm er höher als im W in ter und im 
F rü h jah r, das M axim um  erreichten sie im H erbst. Im  Vergleich zu 
den Ergebnissen der m it ähnlichen M ethoden durchgeführten  P roduk tions­
untersuchungen ist die P ro d u k tio n sin ten sitä t im to ten  D onauarm  anschei­
nend größer als z. B. die des M ikolajski-Sees in Polen (Spodniewska 1969), 
des Smyslovské Jesarnoe sowie des Smyslow-Fischteiches in der Tsche­
choslowakei (F o tt 1972). A uf G rund der E x trem w erte  seiner P roduk tion  
en tsp rich t er im großen u nd  ganzen den von Copeland und Dorris (1962), 
G anning und  W ulff (1970), McConnell (1962), Odum  (1957), Odum  und  
Odum  (1955), Odum  und  H oskin (1958), ferner von W elch (1968) un tersuch­
ten  zahlreichen süßen u nd  salzigen Gewässern von E uropa  und  Amerika. 
Die B ru tto - u nd  N ettop roduk tion  des N agyszéktó von K istelek hingegen 
is t im allgem einen wesentlich höher als die der erw ähnten Gewässer; diese 
T atsache weist au f den in den N atrongew ässern vor sich gehenden allge­
mein bekann ten  lebhaften  Stoff- u nd  E nergieum satz hin. Die vom W ind, 
von der S tröm ung, vom W ellengang und  von der Sauerstoffsättigung ab h än ­
gende Diffusion en tsp rich t im Falle der von uns un tersuch ten  Gewässer
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den Diffusionswerten der von den obigen A utoren beschriebenen seichten 
Seen, B uchten u nd  aufgepeitschten Gewässer.
Zur Schätzung der P roduk tion  ist die B estim m ung des Q uotienten aus 
B ru ttop rim ärp roduk tion  und  R espiration, d. h. des V erhältnisses des P ro ­
duktionsprozesses zu den Verbrauchsprozessen, das W ichtigste. In  den 
Perioden, wo die P roduk tion  den V erbrauch übertrifft, häufen sicli die 
en tstandenen  organischen Stoffe an, an anderen Tagen hingegen, wenn die 
R espiration  gesteigert ist, verm ag das W asser die gespeicherte Energie 
gänzlich zu verlieren. Im  W asser des to ten  D onauarm es von Tolna dom iniert 
in dér W asserschicht der Oberfläche das ganze J a h r  h indurch der P ro d u k ­
tionsprozeß, hingegen übertrifft in der N ähe des W assergrundes im Laufe 
des ganzen Jah res  die P rim ärp roduk tion  das Maß der R espiration. In  dem 
nur m it schneefreiem E is bedeckten W asser sind die W erte der P roduk tion  
und  R espiration  im W in ter am  geringsten, jedoch h a t die limnische Lebens­
gem einschaft selbst in dieser Periode an  der Oberfläche m ehr organische 
Stoffe produziert als ihr V erbrauch betrug. Im  Somm er u nd  vor allem im 
H erbst sind die W erte  des Q uotienten aus P roduk tion  und  R espiration 
um  das 2- bis 3fache höher als im W inter, und  die Spitzenw erte des Q uotien­
ten  wurden jedes J a h r  im H erbst beobachtet. Nach Odum (1956) ist also 
im Laufe des Jah res  der Stoffwechsel der W asserschicht an  der Oberfläche 
im to ten  D onauarm  von Tolna au to troph , der des Grundw assers hingegen 
hetero troph . Die Frage, wo sich die K om pensationstiefe von F all zu F all 
befindet, d. h., wie groß die P roduktionsschich t und  die Dicke der V er­
brauchsschicht der ganzen W asserm enge des Sees in den verschiedenen 
Perioden ist, also ob letzten  Endes der Stoffwechsel der ganzen W asser- 
menge in A nbetrach t der T iefenproduktionsverhältnisse au to tro p h  oder 
hetero troph  ist, kann  erst in weiteren U ntersuchungen entschieden werden.
Im  N agyszéktó von K istelek  dom inierte im Stoffwechsel der lim nischen 
Lebensgem einschaft u n te r sehr günstigen m eteorologischen V erhältnissen 
in einem F all die P roduktion . Die B ru ttop roduk tion  und  das V erhältn is 
der P roduk tion  zur R espiration w aren a u f den freien W asserflächen des 
Sees am  höchsten. Die größte tageszeitliche Sauerstoffschwankung u nd  die 
größte Ü bersättigung  sowie der regste Sauerstoffwechsel zwischen A tm o­
sphäre und W asser konnten  ebenfalls im offenen W asser beobachtet werden. 
In  den von Binsen u nd  Schilf beschatte ten  U ferteilen des Sees ist der 
vom G esichtspunkt der P roduktion  ak tive T agesabschnitt, also der »Tag«, 
viel kürzer, deswegen fallen hier die In ten s itä t der P roduk tion  u nd  der W ert 
des Q uotienten aus P roduk tion  u nd  R espiration  bedeutend  zurück. Die 
S auerstoffuntersättigung erreicht ein hohes Maß und  die Diffusion erfolgt 
in einer R ichtung, sie vollzieht sich aus der A tm osphäre in das W asser 
und ist im Laufe des Tages fast von gleichem Ausm aß. Einige W ochen 
später erreichten bei einer anderen Gelegenheit bei windigem, regnerischem, 
stürm ischem  W etter und  A bnehm en des L ichtklim as und der T em peratu r 
n icht n u r in den von der Vegetation bewachsenen Seeteilen sondern auch 
in den offenen Gewässern die Verbrauchsprozesse das Ü bergew icht. Die 
R espiration ü b e rtra f  im Laufe des ganzen Tages das Maß der B ru tto p rim är­
produktion, an  diesem Tage wurde also der Stoffwechsel des ganzen Sees 
hetero troph .
Dieses Beispiel m ah n t also zur Vorsicht bei den Produktionsschätzungen. 
Die T atsache, daß die biogene D ynam ik der Produktionsprozesse als Folge
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der U m w eltseinw irkungen sehr unterschiedlich, ja  selbst von en tgegen­
gesetzter R ich tung  sein kann, bedeutet, daß sich die Ergebnisse ausschließ­
lich au f die U ntersuchungsperiode beziehen. Man d a rf  auch n ich t vergessen, 
daß sie ihrem  C harak ter nach jeweils nur Schätzungen sind. D eshalb v er­
m ieden wir es, den P roduk tionsw ert eines fü r die Jah reszeit n ich t charak ­
teristischen Tages au f eine längere Zeitperiode um zurechnen. U m  fü r die 
P rim ärproduk tion  m onatliche, jahreszeitliche oder jährliche D urchschn itts­
w erte gewinnen oder die produzierte Sauerstoffm enge reell au f Kohle, 
Glukose oder Energie um rechnen zu können, bed arf es noch ausführlicherer 
u nd  häufigerer U ntersuchungsserien.
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E F FE C T  OF AN E X P E R IM E N T A L L Y  CHANGED FISH  
STOCK ON PH Y T O PL A N K T O N  STRU CTU RE, BIOMASS 
AND PR O D U C TIO N  IN  T H E  PO N D -TY PE L A K E  W A RN IA K
by
I r e n a  S p o d n ie w s k a
D EPARTM ENT OF HYDROBIOLOGY, IN STITU TE OF ECOLOGY,
PO LISH  ACADEMY OF SCIENCES, DZIEKANÓW  LESNY, NR. WARSAW , POLAND
L ake W arniak is a n a tu ra l eu trophic pond-type lake. I ts  average d ep th  is 
1.5 m, m axim um  d ep th  3.7 m and  the  surface is 38.4 ha. The bo ttom  of the 
lake is soft and  has a th ick  layer of sedim ent. P ractically , the  whole lake 
is covered w ith aqua tic  p lan ts. A bout 12 per cent of the  surface is covered 
w ith em erged vegetation (m ainly Phragmites communis T rin.), the  rem aining 
p a r t  being covered w ith subm erged vegetation w ith Ceratophyllum demersum  
L . as dom inant and  Stratiotes aloides L., Elodea canadensis R ich., various 
species of Potamogeton and  Charales as highly ab u n d an t species (Berna- 
towicz 1969).
R esearch on L ake W arniak has been carried o u t since 1967 a t th e  sugges­
tion  of th e  In lan d  Fisheries In s titu te  and  in co-operation w ith the  research 
workers of the  same In s titu te  as well as w ith those from  th e  D ep artm en t of 
H ydrobiology, In s titu te  of Ecology o f th e  Polish Academ y of Sciences and  
In s ti tu te  of Zoology, W arsaw  U niversity .
The aim  of the  extensive studies was to  find the  possibilities of m ain ta in ­
ing a higher fish stock th an  usual, and  to  learn  th e  effects of an  experim en­
ta lly  changed fish stock on th e  lake biocenosis. D uring th e  first 3 years 
th ro u g h  in troduction  o f carp and  bream  th e  benthophagous fish stock had  
been gradually  increasing. As a result, th e  benthophagous fish stock and  
its  pressure on benthos and  fauna associated w ith aquatic  vegeta tion  increas­
ed  in 1969 more th an  tw ice when com pared w ith the  situation  before the  
in troduction  of fish (K ajak  and  Zawisza 1973). In  1970 and  1971 the  lake 
was p ractically  unstocked (only single specimens of grass carp and  silver 
carp  were introduced). In  addition, because of the  ‘w inter-kill’ in 1970 
(Zachwieja 1973), the  bulk of fish died out, the  fish stock thus becoming 
very  low.
The effect of fish on th e  lake biocenosis was analysed by com paring chosen 
com m unities in the  p a rts  accessible and  inaccessible to  fish, i.e. in enclosures 
o f different size (ranging from  sm aller th a n  1 m2 up to  th e  h a lf o f th e  lake).*
* The follow ing papers are in press: 1. Zachwieja, J.: P hysical and chemical condi­
tions in lake water. — 2. Zawisza, J . and Ciepielewski, W .: Changes o f  the autoch­
thonous ichtyofauna due to  the introduction o f carp (C yprinus carpio  L .). — 3. Ciepie­
lewski, W .: Biom ass and production o f  pike (E sox lucius  L.). — 4. Prejs, A.: Feeding  
o f  introduced and autochthonous non-predatory fish. — 5. Groba, J .: Parasites o f  
fish. — 6. Spodniewska, I. and H illbricht-Ilkowska, A.: Biom ass and production of 
phytoplankton. — 7. H illbricht-Ilkowska, A. and W çglenska, T.: Num bers, biomass 
and production o f  the zooplankton. — 8. Hillbricht-Ilkowska, A ., Prejs, A. and W çg­
lenska, T.: A pproxim ate assessm ent o f the utilization by fish o f  the biom ass and pro­
duction o f  zooplankton. — 9. Kajak, Z. and D usoge, K.: Num ber and biom ass o f  bot-
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Some work has been com pleted. The results were published in Ekologia 
Polska  under the  common title  ‘E xperim entally  increased fish stock in 
the  pond-type L ake W arn iak ’ (Spodniewska and  H illbricht-Ilkow ska 1973).
In  m y report I  shall concentrate upon th e  com parison between p h y to ­
p lank ton  structu re , biomass and  production in th e  first th ree years when 
benthophagous fish stock was introduced and, in the  subsequent tw o years, 
when th e  lake was no t stocked with fish.
I t  should be no ted  th a t  the  in tensity  of phy top lank ton  studies varied 
in th e  different years. The m ost intensive studies (once a week) were con­
ducted  in 1967 in th ree sites in p a r ts  of the  lake previously differing in 
fish stock; th e  less intensive research (once a m onth) was m ade in the  sub­
sequent years.
There were no differences in phy top lank ton  com position and q u an tity  
in th e  different p a r ts  of th e  lake.
The phy top lank ton  biomass in L ake W arniak was generally low w ith 
com paratively slight varia tions in tim e (Fig. 1). No w ater blooms were 
observed during either s tu d y  period. M axim um  p h y top lank ton  biom ass 
was recorded in th e  different periods of th e  particu la r year of s tudy  in each 
case being due to  th e  developm ent of various algal groups. In  th e  first 
th ree years, i.e. during the  in troduction  of benthophagous fish, a com para­
tively  high proportion  of the  blue-green algal biomass to  to ta l p h y to p lan k ­
ton  biom ass was observed (20-35 per cent); dinoflagellates were also com ­
paratively  abundan t, especially during the  first tw o years. Green algae 
and  diatom s occurred sporadically. In  1970 and  1971, w ith the  fish stock 
being low, th e  average phy top lank ton  biom ass was nearly  th e  sam e as in 
th e  years w ith high fish stock, b u t a pronounced decrease in th e  blue- 
green algal biom ass was recorded and an increase in dinoflagellate biom ass 
(Table 1).
W hen the  proportions of planktonic algae of different size are com pared 
th e  varia tions o f the  phy top lank ton  com m unity s tru c tu re  are apparen t. 
The lowest contribution of nannoplankton  to  th e  whole p h y top lank ton  
biom ass was recorded in the  first year (about 40 per cent). In  th e  
subsequent tw o years an  increase in th e  contribu tion  of nannoplankton  
to  th e  to ta l algal biom ass was recorded (70 and  61 per cent, resp.). F irs t 
it was supposed to  be an effect of increased fish stock on th e  lake biocenosis 
b u t th e  m axim um  proportion  of nannoplank ton  form s was observed in th e  
final tw o years o f research (88 per cent in 1970, and  75 per cent in 1971) 
when th e  fish stock was th e  lowest (Table 1).
The highest average phy top lank ton  biomass and  production  were recorded 
in th e  first year, the  in troduced fish stock being the  lowest. The p h y to p lan k ­
ton  biom ass was abou t 5 mg per litre of fresh algal weight, th e  gross production 
during M ay-O ctober was abou t 2,000 kcal per m2. In  th e  subsequent years, 
th e  in troduced fish stock being higher, a decrease bo th  in the  biom ass and
tom  fauna. — 10. Stanczykow ska, A.: N um bers and distribution o f zoom icrobenthos.
11. Pieczynska, E .: Food resources and availability  o f  the eulittoral zone for fish. —
12. Pieczynska, E .: Numbers and biomass o f  the fauna associated w ith m acrophytes. —
13. Kobuszewska, D.: D istribution and biom ass o f  the Lem naeeae and fauna asso­
ciated w ith them . — 14. Kajak, Z. and Zawisza, J . : The relations betw een the fish 
and other biocenotic com ponents (summing up o f  the studies).
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Fig. 1. Total phytoplankton biom ass (1), 
biom ass o f nannoplankton (2 ) and gross 
phytoplankton production (3) in the pond- 
type Lake W arniak in successive years
PHYTOPLANKTON BIOMASS (mg/l)
Fig. 3. Correlation between phytoplankton biom ass and gross production in the pond-
type Lake W arniak in successive years
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Fig. 2. Seasonal changes in p h yto ­
plankton structure in the pond-type  
Lake W arniak in successive years
production  of phy top lank ton  was observed (Table 2; Fig. 3). P h y top lank ton  
biom ass was higher in 1969 th a n  in 1968 probably  owing to  an  exceptionally  
low w ater level b u t i t  had  no significant effect on production.
In  1970 and  1971, when th e  lake was n o t stocked w ith fish, practically  
no fish from  th e  previous in troductions were present, th e  phy top lank ton  
p roduction  was very  low and  th e  index of pho tosyn thetic  a c tiv ity  (P/B)
TABLE 1
Average (M ay-O ctober) biomass of different groups o f phytoplankton  
and their contribution to the total phytoplankton biomass in  the pond-type 
Lake W arn iak  in  successive years
Year
Total
phy to ­
plankton
biomass
Nairn o- 
plankton
N et
plankton
Diatoms Blue-green
algae
Dinofla-
gellates
Green algae
mg/l mg/l % mg/l % mg/l 0//0 mg/l 0/ mg/l % mg/I %
2 .0 2 .8 0 .2 0 0 .9 9 1 .1 0 0 .6 5
1 9 6 7 4 .8 4 2 5 8 5 21 2 6 14
1 .1 0 .4 0 .0 3 0 .5 0 0 .3 4 0 .0 3
1 9 6 8 1 .5 7 0 3 0 2 3 2 2 7 2
1 .7 1.1 0 .0 7 0 .9 6 0 .2 2 0 .0 5
1 9 6 9 2 .8 61 3 9 3 3 5 8 2
3 .3 0 .4 0 .1 8 0 .1 4 1 .2 0 0 .0 5
1 9 7 0 3 .7 8 8 12 5 4 3 3 1
2 .4 0 .8 0 .0 4 0 .1 6 0 .7 0 0 .0 1
1 9 7 1 3 .2 75 2 5 1 5 2 2 1
TABLE 2
B iom ass and production of phytoplankton and decomposition of 
organic matter in  the water of the pond-type Lake W a rn iak  in  
years o f different fish stock
Year
Biomass of 
introduced fish
Average phyto­
plankton biomass
Gross production 
of phytoplank­
ton P/B
Decomposition 
(in per cent 
of gross pro­
duction)kg/ha mg/l kcal/m2/year
1 9 6 7 4 0 4 .8 2 ,0 0 0 1 6 6 7
1 9 6 8 6 3 1 .5 1 ,1 0 0 2 .6 108
1 9 6 9 6 2 2 .8 1 ,3 0 0 1 .9 8 9
1 9 7 0 — 3 .7 6 8 0 0 .7 121
1971 - 3 .2 5 7 0 0 .8 1 1 9
106
was also low although there was a large proportion of nannoplank ton  to  
to ta l biomass, usually having a high P j B  ra tio  (Table 2).
The highest m axim a of the  to ta l algal biomass were recorded in 1967 
and  1969 (about 15 mg per litre and  10.0 mg per litre of fresh weight , resp.). 
I t  should be noted, however, th a t  the  probab ility  of finding the  m axim a 
of biom ass was higher in the  first year th an  la te r because of the  higher 
frequency o f sam pling. In  th e  o ther years no significant changes in the  
biomass of th e  various groups o f algae were observed except for a high 
diatom  biom ass in the  first year. M axim um  nannoplankton  biom ass averaged 
5 mg per litre  fresh algal weight for several years, being alm ost 3 tim es 
higher b u t only in the  first year (Table 3).
TA BLE 3
Com parison of m axim al values of biomass of different groups of 
phytoplankton in  the pond-type Lake W arn iak  in  successive years
Year
Total phyto­
plankton 
biomass
Nanno­
plankton
Diatoms Blue-green
algae
Dinoflagel-
lates Green algae
mg/l mg/l mg/l mg/l mg/l mg/l
1967 15.2 13.4 6.3 4.7 7.0 6.9
1968 4.8 4.9 0.2 0.9 1.6 0.3
1969 10.5 4.6 0.3 6.1 0.7 0.3
1970 6.7 5.9 0.7 0.7 3.5 0.3
1971 6.3 4.7 0.3 0.7 6.1 0.1
Analysis of seasonal changes in ph y to p lan k to n  s tru c tu re  generally ind i­
cates th a t  the  contribu tion  o f nannoplank ton  to  to ta l phy top lank ton  
biom ass is higher in spring and  au tu m n  (even above 90 per cent of biomass); 
th e  com parison of the  results from  th e  successive years of s tu d y  indicated 
th a t  th e  im portance of th is group of algae in L ake W arniak had  gradually  
been increasing (Fig. 2).
Considerable differences were found in the  to ta l gross phy top lank ton  
production  in the  M ay-O ctober period in the  different years of the  research 
(Table 2). The phy top lank ton  production was higher in the  years when no t 
only au tochthonous b u t also in troduced fish stock was present in the  Lake 
(though it decreased in th e  successive years) th an  in th e  tw o subsequent 
years of investigation (Fig. 1, Table 2).
As it has already  been m entioned, th e  highest production (about 2,000 
kcal per m2 per year) was found in th e  first year when also th e  biomass of 
p h y top lank ton  was the  highest. A slightly  lower production was found in 
1968 an d  1969 (above 1,000 kcal per m 2 per year), and  very  low production 
in the  two final years (570 and  860 kcal per m2 per year, resp.).
This s ituation  m ight be a resu lt of the  lim iting effect of th e  increased 
fish stock, in th e  years of fish in troduction , on phy top lank ton  production 
(worsening of environm ental conditions, m ainly of light conditions).
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During the  final two years, w ith th e  fish pressure decreasing, the  condi­
tions for m acrophytes sim ilarly im proved. This could result in the  decrease 
o f p h y top lank ton  production  because of a com petition  betw een m acrophytes 
and  algae. S im ultaneously, the  lower pressure of fish on zooplankton could 
ind irectly  lim it th e  phy top lank ton  developm ent (increase in zooplankton 
grazing).
A pronounced increase was recorded in th e  organic m atte r decom position 
in lake w aters during successive years of research, which could have been 
due to  changes in fish ac tiv ity  (fish roiling, a factor accelerating organic 
m atte r decomposition) in th e  first years, and p robably  to  zooplankton 
ac tiv ity  in the  final years.
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JÄ H R L IC H E  P R IM Ä R PR O D U K T IO N  D E R  
M A KROPHYTENÖKOSYSTEM E IM BALATON
von
I. K á b p á t i  u n d  V e r a  K á r p á t i
LE H RSTU H L F I 'R  BOTANIK UND PFLA N ZENPH Y SIO LO G IE 
D E R  AGRARW ISSENSCHAFTLICHEN UNIVERSITÄT, H-8361 K ESZTHELY, UNGARN
U nsere bisherigen Forschungen, in denen die ökologischen, zönologischen 
und  sukzessionsdynam ischen Diszipline verw endet w urden, fü h rten  zu 
nützlichen neuen A ufklärungen bei der A usw ertung der Produktionsbiologie 
(I. K á rp á ti und V arga 1970, I. K á rp á ti u. M itarb. 1971).
Die U ntersuchungen wurden im B alaton, in der K eszthelyei- u nd  Szig- 
ligeter B uch t in den folgenden Assoziationen durchgeführt:
1. M yriophyllo-Potametum potametosum perfoliati
2. Trapetum  natantis
3. Ceratophylletum demersi
4. M yriophyllo-Potam etum myriophylletosum spicati
5. Scirpo-Phragrnitetum schoenoplectetosum lacustris
Bei der P robenen tnahm e von L aichkrau t wurde neben der Probeflächen - 
große auch die W assertiefe gemessen. Die W assertiefe wurde in folgende 
G ruppen eingeteilt:
N ach der Schätzung des D eckungsgrades un d  der genauen Messung der 
W assertiefe wurde die gesam te L aichkrautm asse aus dem  R ahm en fü r die 
P robenentnahm e m it der H and  herausgenom m en. Bis 2-2,5 m W assertiefe 
konnte bei der erforderlichen G enauigkeit diese M ethode b en ü tz t werden. 
Die herausgenom m enen P roben w urden in Gaze eingepackt, das Volumen 
gemessen, sodann frisch, lu fttrocken  un d  absolut trocken gewogen. Mit 
diesen G runddaten  lassen sich folgende ökologische A usw ertungen und  
Berechnungen vornehm en.
1. Zusam m enhang zwischen D eckungsprozent, W assertiefe und  P hv to - 
massenproc luk t i on .
2. Phytom assenproduk tion  der M usterfläche.
3. Zusam m enhang zwischen Frisch- und absolutem  Trockengew icht.
Die aus zahlreichen W asser m onolithen gewonnenen D aten  helfen die 
durchschnittliche Phytom assenproduktion  der einzelnen Pflanzengesell­
schaften  in bestim m ter Lage und  im gegebenen V egetationsjahr zu erm itteln .
A 0— 50 cm 
В 50—100 cm 
C 100-150 cm
D 150-200 cm 
E 200-250 cm 
F  250—300 cm
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P arallel m it der Messung der jährlichen Phvtom assenproduktion  wurden 
V egetationskarten  angefertig t.
Ü ber die M ethoden der W asser- und  U fervegetationskartierung  stehen 
in der L ite ra tu r n u r wenige A rbeiten zur Verfügung. Neben einigen m it 
überlieferten (geodätischen) M ethoden angefertigten K a rte n  ist uns nur 
die Arbeit Langs (1964) bekann t, die die V egetationskom plexe u nd  Zonatio- 
nen m it L uftaufnahm en darste llt.
Die erste Phase der Forschungen bildete die geodätische A ufkartierung  
der Pflanzengesellschaften in den ständig  und  zeitweilig von W asser bedeck­
ten  Lagen. Nach den botanischen A ufnahm en der Laichkrautgesellschaften 
und  Schilfzonen in ihrer optim alen E ntw icklung  (Ende A ugust), wurde 
die K artie ru n g  begonnen, wobei folgende D aten  berücksich tig t wurden:
a)  B edeckungsgrad des B estandes in % ,
b) Maße des Flecks (Breite, Länge, Form ),
c) die F läche der Flecken,
d )  die W assertiefe am  P eilungspunkt.
D ann wurde von der M usterfläche, die von der Uferlinie umschlossen 
war, ein geodätisches F estp u n k tn e tz  eingerichtet. Von der M eßstation aus 
w urden die Messungen m it num erischem  V orw ärtseinschnitt bestim m t.
Zweifellos ist der photogram m etrische Weg der m odernste, den auch wir 
bereits benützen. Die m ethodischen S tudien zu den L uftaufnahm en began­
nen im  Jah re  1968 und  zum  Versuch wurden einige A ufnahm en gem acht, 
die zur Beurteilung der geodätischen M ethoden sehr nützlich waren. Zur 
Zeit s teh t leider n ich t jedem  B otan iker ein Flugzeug zur Verfügung.
Seit drei Jah ren  verwenden wir s te ts  die L uftb ildaufnahm en. Die B ild­
flüge wurden jahreszeitlich jeweils au f den optisch günstigsten  V egetations­
zustand  abgestim m t, ebenso au f gu te W itterung  u nd  geeignete Tageszeit, 
was z. B. zur Verm eidung von W asserspiegelungen wichtig ist.
Z unächst w urde von den zahlreichen M ethoden und  K om binationen 
(z. B. präzise einbildphotogram m etrische Vermessung, K om bination  der 
geodätischen Vermessung m it der K leinbildkam era) die beste ausprobiert. 
Selbstverständlich h a t jede M ethode ihre Vorteile und  stö ß t auch au f 
Schwierigkeiten bei der Lösung der Aufgabe.
Als B asiskarten  dienen die aus größeren H öhen m it der M eßkam era 
exponierten  au f 1 : 10 000 ( 1 : 5  000) transfo rm ierten  P ho tokarten . Von den 
in teressanten D etails wurden L uftb ildaufnahm en aus 200-500 m H öhe m it 
der K leinbildkam era angefertig t. Aus den ausprobierten  M ethoden wurde 
von uns die K om bination  der P hotopläne m it den K leinbildaufnahm en 
gew ählt.
Das W esen dieser K om bination der genauen P h o to k a rten  m it den K lein­
bildaufnahm en besteh t darin , daß bei dieser M ethode zur E rstellung  eines 
Photoplanes A ufnahm en herangezogen werden können, die fü r einen anderen 
Zweck angefertig t worden sind. An den Stellen aber, wo die A ufnahm en 
n icht im günstigsten  V egetationszeitpunkt vorgenom m en worden waren 
und  daher einzelne D etails n icht zufriedenstellend zu erkennen sind, läß t 
sich der P lan  durch A ufnahm en ergänzen, die m it einer K leinbildkam era 
aufgenom m en w urden.
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So lassen sich m it der B asiskarte und  einer norm alen K leinbildkam era 
in der optim alen V egetationszeit m ehrere Serien herstellen un d  der M aßstab 
der vorhandenen P h o to k a rte  läß t sich vergrößern.
Aus den D aten  der V egetationskarten  u nd  »W asserm onolith«-Proben- 
aufnahm en wird die Phytom assenproduktion  der V egetation in  der k a r tie r­
ten  Lage errechnet.
Die folgenden A ngaben w urden von der K eszthelyer B uch t (1969) u nd  
von der Szigligeter B ucht (1970) e rm itte lt:
K eszthelyer B ucht Szigligeter B u ch t
Mit L aichkrau t bedeckte Fläche: 308,349 ha 108,597 ha
Davon m ehr als 1% bedeckt: 51,337 ha 42,237 ha
Davon u n te r 1% bedeckt : 57,102 ha 66,359 ha
L aichkrautbedeckte F läche bezogen au f
die gesam te W asserfläche (1327,4 ha) 9,4% 8,1%
Schilfbedeckte F läche (132,1 ha) bezogen
au f die offene W asserfläche — 10,0%
D urchschnittliche grüne P hy tom assen­
produk tion  eines 1 m2 großen M uster­
abschn itts  m it m ehr als 1% bedeckter
Laichkrautfläche 0,3 kp 1,8 kp
D urchschnittliche grüne Phy tom assen­
produktion  eines 1 m2 großen M uster­
abschn itts  m it weniger als 1% be­
deckter L aichkrautfläche 0,05 kp  0,07 kp
Grüne Phytom assenproduktion  der Szig­
ligeter B uch t w ährend eines Jah res  281 000 kp 575 957 kp 
Absolutes Trockengew icht der gesam ten
L aichkrau tp roduk tion  63 355 kp
V erhältniszahl der gesam ten grünen 
L aichkrau tp roduk tion  u nd  der gesam ­
ten  W asserfläche 0,0085 kp/m 2 0,043 kp/m 2
Neben den obigen wertvollen D aten  der L uftaufnahm en in terp reta tion  
einer W asserlandschaft und den Phytom assenproduktionsbestim m ungen 
verm ag m an m it diesem V erfahren auch A nhaltspunk te zur Lösung der 
wasserw irtschaftlichen Aufgaben, vor allem der biotechnischen Fragen zu 
gewinnen.
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INTRO DUCTIO N
Typha latifolia L . is a helophyte which frequently  occurs in m arshes and  
shallow w aters w ith fluctuating w ater level. Owing to  its rap id  spreading, 
th is  species tends to  be am ong the  first reedswam p p lan ts  to  invade such 
w ater bodies in  th e  Pannonian  region o f E urope (H ejnÿ 1960). Several 
years ago, favourable conditions for th e  establishm ent of Typha latifolia 
arose a t  th e  form er Lake of K obyli, once a shallow and  m arshy lake 
which had  been eventually  drained  and  tu rn ed  into arable land  in abou t 
1840 and  becam e p a r tly  reflooded and  recolonized by w etland vegeta tion  
during th e  years 1960-67. The area of the  form er Lake of K obyli (lat. 48°58' 
N ., long. 16°55' E ., a lt. 185 m) is s itu a ted  in South M oravia, a t  the  n o rthern  
edge of th e  Pannonian  basin. In  1965-67, its  p lan t life was investigated  
w ithin the  Czechoslovak IB P  projects PT/4 and  PP /3  (see IB P  News nos 
13 and  14) by  m embers of the  present D epartm ents of Ecology and  H y d ro ­
b o tany  of th e  B otanical In s titu te  of the  Czechoslovak Academ y of Sciences, 
in  Brno and  Trebon, respectively.
Typha latifolia p layed a key role in th e  reconquest of the  flooded arable 
land  by reedswam p and  form ed continuous and  nearly  pure invasion stands 
covering large areas (for fu rth e r details see F ia la  and  K v ë t 1971). A selected 
Typha latifolia s tan d  was subjected  to  analysis of g row th and  canopy 
s tru c tu re  during the  growing season of 1966 (K vët e t al. 1969, K v ë t 1971). 
The present paper, while referring to  some of these results, m ainly deals 
w ith th e  accum ulation of the  principal m acronutrients: N, P , K , Ca, Mg and  
N a and  to ta l ash in the  above-ground p a rts  (shoots) of th is  T . latifolia 
stand .
MATERIAL AND METHODS
The Typha latifolia s tan d  occurred in th a t p a r t of the  form er Lake of Kobyli 
which had been flooded for several years prior to  1966. The results of the  
analyses of w ater (perform ed by  Dr. K . Fiala) and  soil (of sam ples taken  
in the  au tum n  of 1966) given in Table 1, illustra te  the  trophic conditions 
o f the  site. The easily soluble cations (K+, N a+) appear to  have been leached 
from  th e  soil into th e  water. The eutrophic character of th e  h ab ita t as well 
as its  slight salin ity  (about 0.13 per cent) are evident. D uring th e  1966 
growing season, the  dep th  of the  w ater varied betw een — 35 and  —70 cm. 
T he fundam ental m acroclim atic characteristics of South M oravia have 
been described, e.g. by  D ykyjovà a n d K v ë t (1970). The m ethods of analysing
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TABLE 1
R esu lts  o f a n a lyses o f w ater (p e r  fo rm ed  by D r. K . F ia la  on 1 7 .1 1 .1 9 6 5 ) a n d  so il (sa m p led  
in  a u tu m n  1966 a t tw o d ep th s) fro m  the site  o f the T y p h a  lo ti fo lia  s ta n d  investiga ted . 
T h e  soil w a s a  heavy c la y  loam  ( a llu v ia l s i lt  d e p o s it) . T h e  contents o f the elem ents P  to F e  
in  the so il have been estim a ted  in  a n  extract w ith  1 p e r  cent citric  a c id  ( ‘ava ila b le’ n u tr ie n ts )
Water
Soil
Depth 0 to  —20 cm —20 to —40 cm
p H 7.0 p H 7.8 8.0
A lk a lin ity , m E q/1 11.90 p H  in  KC1 7.0 7.0
A c id ity , m E q/1 0.75 c a rb o n a te , 0//о 10.6 11.1
T o ta l  h a rd n e ss , d eg ree 72.3 C % 3.40 2.06
Ca2 + p p m 453.3 to ta l N о/ 0.30 0.24
M g2 + p p m 38.3 P 0//о 0.005 0.0015
N a  + p p m 125.0 К 0//о 0.027 0.017
K  + p p m 29.0 Ca 0//о 1.76 0.73
C l- p p m 199.5 Mg 0//0 0.17 0.08
р о г p p m 1.49 N a 0//0 0 .019 0.009
s o r p p m 434.5 F e 0//0 0 .026 0.026
K 20 3 о //о 0.296 0.192
th e  grow th and  canopy s tru c tu re  o f th is  s tan d  are described by  K v ë t e t a l . 
(1969). The chemical analyses of th e  biom ass were m ade according to  
K oppovà e t al. (1955): N a — afte r K jeldahl; P  — colorim etrically with 
m olybdenum  blue; K , N  — by flame pho tom etry ; Ca, Mg — com plexom etri- 
cally; ash is expressed as the  sum of th e  above elem ents (except N) plus 
‘residual’ ash (chemically unspecified residue on th e  filter, m ainly S i0 2). 
The shoot biom ass to  be analysed had  been harvested  in a  stratified  m anner 
— by 40-cm horizontal layers — on 6.6., 4.8. and  28.9.1966. The sam ples 
from  each layer were divided into th e  following com ponents: leaf bases 
w ith stem s, leaf blades (hence called ‘stem s’ and ‘leaves’, resp.) and  inflores­
cences (in th e ir respective stages of developm ent). Separate analyses 
were m ade of th e  ‘stem s’ and  ‘leaves’, wherever present, sam pled from  the  
individual 40-cm horizontal s tan d  layers; only in  a few instances were the  
results of analyses of th e  m aterial from  one layer also applied to  a neigh­
bouring layer. M ost of th e  analyses of th e  ‘stem s’ were m ade separately  
for flowering and  non-flowering shoots b u t in th is paper these two kinds 
of shoots are no t distinguished. D a ta  presented here on the  chemical con­
stitu tio n  of the  ‘stem s’ have been obtained  by  an approxim ative ex tra ­
polation based on th e  knowledge of th e  synm orphology of the  stand . The 
chemical analyses have yielded d a ta  which are expressed in term s of the  
percentage conten ts of th e  individual m ineral constituen ts in the  d ry  weight 
of th e  biom ass (oven-dried a t  80 °C to  90 °C). These percentage contents 
and  the  respective biomass values have been used to  calculate the  approxi­
m ate am ounts of each m ineral constituen t in the  s tan d  per 1 m2 of ground 
area.
M ost of the  p rim ary  biom ass d a ta  have been sam pled by  Dr. J .  Svoboda 
who also p repared  th e  sam ples for chemical analyses. The biom ass and  
soil analyses were accom plished a t  th e  laboratories of th e  F orestry  Research
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In s titu te , S ta tion  Opocno, under th e  supervision of Mr. J .  Vacek. The 
a u th o r’s m ost sincere th an k s go to  bo th  of them  as well as to  o ther 
colleagues who kindly  assisted in th is work.
R ESU LTS
Growth and biomass. The grow th curves of shoot biomass, leaf area index 
and  tim e changes of density  of th e  T ypha latifolia s tan d  are given by К  vet 
e t al. (1969). The s tan d  continued its  g ro w th —w ith bo th  the  average shoot 
size and  density  increasing—till la te  Septem ber, only th e  leaf biomass 
decreased slightly  betw een 4.8 and  28.9.1966 m ainly due to  th e  d ea th  of 
th e  leaves of the fertile shoots. The final to ta l shoot biomass was 1,620 g n r 2 
a t  a s tan d  density  of 28.7 shoots m -2, which on 6.6 had  been only 17.5 sh. m -2. 
The average ra te  of n e t increase in shoot biom ass was 9.4 g m '2 d ~ 1 over 
the  whole growing season. The m axim um  leaf area index of 3.2 (one side 
of the  leaves in horizontal projection) was a tta in ed  on 4.8. and  persisted 
till 28.9, the  loss of th e  relatively  heavy leaves of the  fertile shoots having 
been balanced by  th e  form ation of new th inner and  relatively  lighter leaves, 
especially on the  newly emerging young offshoots. The m axim um  stan d  
height was abou t 230 cm. In  high sum m er, some 15 to  20 per cent of the  
shoots were flower-bearing. F igure 1 
illustra tes the  vertical arrangem ent of 
the  shoot biomass on the  th ree  dates 
of sam pling for chemical analyses. I t  
follows from  the s tru c tu ra l features of 
th e  T . latifolia shoots th a t  ‘s tem s’ in 
th e  tw o bottom  layers m ostly include 
aerenchym atous leaf bases whereas real 
stem s predom inate in the  layers higher 
up. M ost of the steeply inclined leaf 
blades of T . latifolia cu t across several 
horizontal s tan d  layers: hence the  
‘leaves’ in the  lower s tan d  layers 
m ostly include th e  re la tively  thick 
aerenchym atous basal p a r ts  of the 
blades, whereas th e  u pper layers m ost 
of th e  th in  leaf tips. The inflorescence 
biom ass is m ostly concentrated  in the 
160-200-cm layer.
Nitrogen. F igure 2 shows th e  v e r ti­
cal d istribu tion  of N  in the  shoots on 
th e  th ree  sam pling dates. The percen t­
em  BIOMASS (d ry  w e ig h t)
2Л0
--------- stems*infl ---------- I
--------- leaves .............. inti.
■200-
age N conten t in the  ‘leaves’ ev idently  
increases from  the  bases to  tips, with 
only sm all seasonal differences in 
bo th  the  percentage N  con ten t and  the  
am ount of N  in th e  leaves per 1 m2, 
presum ably  because of th e  continuous 
emergence of new young leaf blades.
.о  M :__________ ____________ ,28.9.1966
Fig. 1. Riomass o f the ‘stem s’ with in­
florescences, ‘leaves’, inflorescences 
alone and total shoot biom ass in indi­
vidual 40-cm horizontal layers in the  
T y p h a  latifolia  stand on the three 
dates o f  sam pling for chemical analyses
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The percentage N con ten t in the  inflorescences is ra th e r high. A lthough 
the  percentage N  con ten t in  the  ‘stem s’ is low the  basal p a rts  of the  shoots 
contain a ra th e r large am ount o f N  per 1 m2 because of the  high ‘s tem ’ 
biom ass present in the  0-80-cm  stan d  layers. This featu re stands ou t p a r­
ticu larly  clearly tow ards th e  end of th e  growing season (28.9). In  sum m er 
and  au tum n, th e  to ta l am ount of N  in th e  s tan d  shows a d istribu tion  with 
one peak in th e  bo ttom  s tan d  layers and  ano ther peak  in the  160-200-cm 
layer. Large am ounts of N  are thus e ither re tu rned  to , or rem oved from,
NITROGEN CONTENT
Fig. 2. Percentage nitrogen content and its am ounts per 1 m- in the total shoot bio­
m ass, ‘stem s’ w ith inflorescences, ‘leaves’ and inflorescences alone, in individual 40-cm  
horizontal layers on three dates during the m ain growing season
th e  h ab ita t tv hen T ypha  is cu t a t  some 30 to  50 cm above bottom  level in 
sum m er to  au tum n  and  is either left to  decompose on the  spot (which is 
com m on practice in fishpond m anagem ent in order to  control th e  w idth 
o f th e  reed belt) or is tak en  aw ay to  be used com m ercially (m ostly in dom es­
tic  industries). Sim ilar diagram s showing their vertical d istribu tions can 
also be draw n for o ther m ineral elem ents included in th is  paper, and  are 
available on request from  th e  au thor. F igure 3 sum m arizes th e  d a ta  given 
in Fig. 2 and  illustra tes th e  high average net u p tak e  ra te  of N  by the 
s tan d  th roughou t th e  m ain grow th period (nearly 0.14 g m~2 d -1). The 
decrease in ‘leaf’ biomass is apparen tly  responsible for the  slight decrease 
in th e  am ount of N  stored in the  ‘leaves’ in late sum m er.
Phosphorus (Fig. 4). A part from th e  substan tia lly  lower P  level, bo th  
th e  vertical d istribu tion  and  overall tim e changes of the  P  conten t follow 
a sim ilar p a tte rn  as those of th e  N content. The m arked decrease of the  
percentage P  content in th e  inflorescences (in which, however, the  P  con­
cen tration  rem ains higher th a n  in the  o ther organs) is apparen tly  connected 
w ith th e ir decreasing physiological ac tiv ity  from budding to  m atu rity . 
D espite the  low share of inflorescences in the  to ta l biom ass on both  4.8 
and  28.9 (about 10 per cent and  6 per cent, resp.), their P  con ten t represents 
abou t 1/5 of th e  to ta l P  contained in the  stand . The overall P  concentration 
in th e  leaves rem ains fairly  constan t from Ju n e  to  Septem ber. C ontrary
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Fig. 3. N itrogen content in the  
above-ground parts o f  the T yp h a  
la lifo lia  stand. Top: Changes w ith  
time in the percentage (% dry  
w eight) average content o f N  in the  
various shoot com ponents indi­
cated (for ‘stem s’: 1, w ith  inflores­
cences; 2 , ‘stem s’ only) and in 
total shoot biom ass (0). B ottom : 
Time changes in to ta l am ounts o f  
N  contained in the various shoot 
com ponents indicated and in  total 
shoot biom ass per 1 m 2 ground area
Fig. 4. Phosphorus content. Description  
as in F ig. 3. Percentage P  content in 
‘stem s’ — ‘sterns’ only
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Fig. 5. Potassium  content. Description  
as in F ig. 3
to  N , however, m ost of the  P  u p tak e  by the  shoots takes place only in the 
first p a r t  of th e  m ain growing season.
Potassium  (Fig. 5). The percentage con ten t of К  is ra th e r evenly spread 
vertically  in th e  s tan d  on each of the  th ree sam pling dates, b u t w ith tim e 
th e  percentage К  con ten t in  the  shoots decreases, presum ably  w ith  the  
gradually  prevailing senescence o f the  individual shoot com ponents. This 
overall decrease is p a rtly  checked b u t only in  the leaves, p robably  because 
of th e  re la tively  higher К  con ten t in th e  leaves of the  newly emerging 
offshoots. The am ounts of К  contained in th e  above-ground biomass (to tal 
as well as all its com ponents) a tta in  th e ir m axim a a t  th e  peak  of th e  growing 
season. L a te r on, even the increase in biom ass is incapable of balancing the  
decrease in the  percentage К  content. In  th is respect, К  differs from  all 
th e  o ther elem ents exam ined.
Calcium (Fig. 6). In  the  ‘stem s’, the  vertical d istribu tion  of Ca is fairly 
even on each sam pling date , while its percentage conten t gradually  decreases 
during th e  season. In  the ‘leaves’, the  percentage con ten t of Ca decreases 
upw ards (on 4.8, e.g., from  1.44 per cent a t  40-80 cm to  0.68 per cent a t 
200-240 cm). The inflorescences contain  conspicuously little  Ca. M ost of 
th e  Ca is sto red  in th e  ‘stem s’, especially tow ards th e  end of th e  growing 
season although th e  percentage content of Ca rem ains higher in th e  leaves.
Magnesium  (Fig. 7). In  m ost p lants, th e  percentage conten t of Mg tends 
to  be relatively  th e  highest in th e  leaves (chlorophyll). The high proportion  
of non-assim ilatory aerenchvm a and  sclerenchym a in bo th  th e  ‘stem s’ 
and  ‘leaves’ and  the  high Mg con ten t in the  ripening inflorescences som ewhat 
obscure th is featu re in T . latifolia. Only the  leaf tips, th in  and  rich in as- 
sim ilatory  tissue, contain up  to  0.29 per cent of Mg and  are th u s d istinctly  
M g-richer th an  the  o ther shoot parts . As a result, m ost of the  Mg is contained 
in th e  stem s and  inflorescences during the  whole growing season.
Sodium  (Fig. 8). The con ten t of th is elem ent is particu larly  interesting 
to  follow a t  th e  som ew hat saline L ake of K obyli. As a  rule, th e  lower 
s tan d  layers show a  several tim es higher percentage content of N a in both  
‘stem s’ and  ‘leaves’ th an  th e  upper layers (e.g. th e  leaves on 4.8: 0.36 per 
cent a t 40-80 cm and  0.07 per cent a t 200-240 cm). This seems to  indicate 
the  association of higher N a concentration w ith non-assim ilatory tissues. 
The seasonal course of the  overall percentage conten t of N a seems to  m irror, 
to  a certain  ex ten t, th a t  o f th e  Ca conten t in all th ree shoot com ponents 
analysed. The to ta l am ount of N a stored  in the  s tan d  is relatively  high, 
th e  stem s containing m ost of it.
Ash  (Fig. 9). The average percentage ash con ten t seems to  be fairly  low in 
th e  Typha latifolia shoots an d  the  ash con ten t is ra th e r evenly d istribu ted  
vertically . I t  also evenly decreases during th e  growing season. This decrease 
seems to  be associated with th e  increasing share of aerenchym a and  m echan­
ical tissue in th e  anatom ical s tru c tu re  of th e  shoots. M ost of th e  ra th e r 
sm all am ount o f ash contained in th e  s tan d  seems to  be, however, physio­
logically active. The con ten t of ‘residual’ ash (other th an  P , K , Ca, Mg, Na) 
is ra th e r low during th e  whole growing season and  increases from  only 
ab o u t 0.14 per cent of d ry  weight on 6.6. to  abou t 0.30 per cent (12 per cent 
o f to ta l ash) on 28.9. This ‘residual’ ash m ay be assum ed to  contain  m ostly 
S i0 2. Chloride and  th e  physiologically im portan t sulphur, iron and  m icro­
n u trien ts  have not been estim ated  as th ey  were rem oved w ith th e  filtrate.
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Fig. 9. Ash content. D escription as 
in F ig. 3
Fig. 8 . Sodium content. Description  
as in Fig. 3
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Fig. 6 . Calcium content. D escription  
as in F ig. 3
F ig. 7. Magnesium content. Description  
as in F ig. 3
DISCUSSION
Our d a ta  on m ineral n u trien t con ten t in the  above-ground p a rts  of the  
T ypha latifolia s tan d  are com parable with o ther d a ta  from the  lite ra tu re . 
D ykyjová (1973a) sum m arizes some of her own as well as o ther au th o rs’ 
d a ta  on th e  contents of m acronutrien ts jin Typha latifolia, T . angustifolia, 
Phragmites communis and  o ther helophytes. A sim ilar survey was published 
by  R iem er and  T o th  (1968). Our d a ta  m ostly  fall w ithin the ranges of th e  
values given for T . latifolia. The N a content in our T . latifolia s tan d  ap ­
proaches the  upper lim it of th e  range evident from  b o th  surveys quoted. The 
m ean percentage conten t of P  (0.4 per cent) given by R iem er and  T o th  
(1968), however, highly exceeds our values. These au thors also surveyed 
the  chlorine con ten t in T . latifolia and  arrived  a t a high m ean value of 2.87 
per cent Cl in its d ry  m atter. The capacity  of this species to  store Cl and  N a 
m ay serve as a useful tool for th e  purification and  desalination o f slightly  
brackish  eutrophic w ater (see Boyd 1970a). M arsh (1955) reports  on an  
ancient E g y p tian  practice of using T ypha  to  clarify certain  areas o f the 
Nile d e lta  of salt. The percentage contents of N, P , К  and  Ca in T . latifolia 
imported from n orthern  Po land  by B ernatow icz (1969) are lower th an  ours, 
th e  low ash con ten t (5.11 per cent) fopnd by him corresponds w ith our 
findings. Boyd and  Hess (1970) conducted a special survey on shoot produc­
tion  and  m ineral levels in T . latifolia  in the  SE U nited  S tates. Our percentage 
conten ts of the  m acronutrien ts are w ithin th e  ranges s ta ted  by these authors. 
B oyd (19706) found, in a p robably  less fertile h ab ita t, lower conten ts of 
Ca and  N a in T . latifolia th an  we did. In  accordance with our results of 
6.6.1966, th e  percentage con ten t of К  in  his s tan d  also surpassed th a t  of N.
The great varia tion  in th e  percentage contents of m acronutrien ts reported  
in th e  lite ra tu re  po in ts to  the  im portapce of exam ining seasonal changes 
as well as spatial d istribu tion  of the  contents of m ineral n u trien ts  in  aquatic  
and  litto ra l vascular p lan ts. The varia tion  can also be b e tte r  understood 
if i t  is re la ted  to  th e  s tru c tu ra l peculiarities, grow th and  developm ent of 
the  p lan ts  concerned.
B oyd (1970c, 1971) checked the  seasonal changes in th e  percentage con­
ten ts  and  to ta l am ounts of N, P  and К  in T ypha latifolia. The percentages 
repo rted  by him  largely correspond w ith ours ob tained  on com parable 
dates b u t the  to ta l am ounts are sm aller as a result of th e  sm aller biom ass 
of his s tan d  (Boyd 1970c). S tands of the  closely re la ted  T . angustifolia  have 
been exam ined in th is respect by H usák  (1971) on th e  South M oravian 
eu trophic and  slightly  saline N esyt fishpond, and  by  D ykyjová (19736) on 
th e  originally oligotrophic b u t now adáys eu troph icated  O patovickÿ fish­
pond in South Bohem ia. The seasonal courses of th e  percentage contents 
of N, P , K , Ca, Mg and  N a in T . angustifolia  d id  no t substan tia lly  differ 
from  those in T . latifolia, only the  Ca cqn ten t was appreciably lower a t  the  
O patovickÿ fishpond (D ykyjová 19736).
Our results o f th e  analyses of Typha latifolia shoots are also com parable 
w ith th e  analyses, perform ed sim ultaneously and  using the  sam e m ethods, 
of a well-developed (seasonal m axim um  biomass, 1,810 g m -2) stand  of 
Phragmites communis a t  th e  N esyt fishpond (K vët 1973). In  bo th  T ypha  
and  Phragmites, th e  leaves were richer in m ineral nu trien ts  th a n  th e  stems. 
The overall percentage N  contents as well as am ounts of N per 1 m2 were
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also sim ilar. A t the  peak  of th e  growing season, Phragmites was richer in 
P  and K , and  poorer in Ca, Mg and  N a th a n  T. latifolia. in  Phragmites— in 
con trast to  Typha—all the  elem ents exam ined showed a steep fall bo th  in 
th e ir percentage contents and  in th e  am ounts stored per 1 m2 a fte r the  peak 
of the  growing season. A nother difference was the  som ew hat higher ash 
con ten t in Phragmites (about 6 per cent). B y the  end of the  growing season, 
m ost of it  became, however, ‘residual’ ash.
W ith  respect to  the  trophic s ta tu s  of the  h ab ita t, T . latifolia seems to  
display  g reat p lasticity . This s ta tem en t also applies to  th e  Pannonian  
region of E urope (H ejnÿ 1960). In  South M oravia, lush and  highly productive 
stands of T . latifolia are found in areas which are eu troph icated  by dom estic 
sewage or anim als (e.g. geese, gulls). This is ano ther sign of th e  to lerance 
of th is species to  an  increased con ten t of N a and  Cl in th e  environm ent. 
H ejnÿ  and  H usák  (1973) classify these com m unities dom inated  by  T. 
latifolia as a special v a rian t of the  association Glycerietum aquaticae. A ppre­
ciable differences, however, seem to  exist between the  m ineral com positions 
of Typha  and  Glyceria (D ykyjová 1973a), and  hence th e  v arian t w ith 
T . latifolia is likely to  be characterized by  a specific ty p e  of m ineral cycling. 
M uskrats (Ondatra zibethica) have been found to  feed preferably on T . lati­
folia, when available, ra th e r th a n  on any o ther helophytes (Pelikán e t al. 
1970). M aybe th is preference is also connected w ith th e  peculiarities of 
its  chemical com position.
This paper does n o t a ttem p t to  discuss the  physiological problem s of 
m ineral n u trien t u p take by Typha latifolia, its ra tes and  efficiency, an tag ­
onisms and  ratios betw een individual m ineral elem ents. These problem s 
will be discussed elsewhere as far as th e  ra th e r crude m ethods used allow 
a  more refined exam ination to  be m ade on th e  basis of the  results repo rted  
here. The m ineral n u trien ts  taken  up  or lost by the  shoots need n o t necessar­
ily come from, or go to , th e  w ater or soil; th ey  m ay also be tran sp o rted  
to  or from  the  rhizomes. This tran sp o rt has been proved for P  and  К  in 
Phragmites by  R om an e t al. (1971). In  Typha, whose rhizom es usually  live 
shorter th an  those of Phragmites (F iala 1973), th is  tran sp o rt is perhaps less 
im portan t.
Taking Typha latifolia as an exam ple, th is  paper a ttem p ted  to  illu stra te  
those seasonal changes in the  n u trien t con ten t in em ergent m acrophytes 
which tak e  place even during th e  m ain growing season. The im portance 
of these changes has to  be borne in m ind in any  theoretical or p ractical 
considerations on m ineral n u trien t up take by th e  com m unities of these 
p lan ts. The spatial d istribu tion  o f th e  m ineral nu trien ts  in the  com m unities 
is also to  be tak en  into account, especially in considering th e ir role in m ineral 
cycles, th e ir decom position, grazing or harvesting.
SUMMARY
An invasion s tand  of Typha latifolia L., occurring on flooded arable soil, 
a t  the  form er L ake of K obyli in South M oravia, a t  the  northern  edge of 
th e  P annonian  basin, was studied for th e  seasonal changes in shoot biom ass 
and  the  conten ts o f N, P , K , Ca, Mg and  N a and  to ta l ash. The biom ass 
was harvested  in a s tratified  m anner (by 40-cm horizontal layers) and  was
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div ided  into th a t  of the  leaf bases stem s (‘stem s’), leaf blades (‘leaves’) 
and  inflorescences. The seasonal m axim a of shoot biomass (dry weight) 
and  density  were 1.6 kg m -2 and 28.7 shoots m~2, resp., and  b o th  were 
recorded on 28.0.1966. The average ra te  of shoot biomass increase, over 
th e  whole growing season, was 9.4 g rp-2 d -1, the  m axim um  leaf area index, 
in A ugust to  Septem ber, was abou t 3.2 (one side of th e  leaf blades in horizon­
ta l projection). The average sam ples for the  m ineral analyses were tak en  
from  the  m aterial harvested  on th ree dates: 6.6, 4.8 and  28.9.1966. The 
percentage contents of th e  m ineral constituen ts found in our m aterial appear 
to  fall w ithin th e  ranges given by  o ther au thors for T . latifolia. The estim ated  
to ta l am ounts of the  m ineral m acronutrien ts investigated  and  being con­
ta in ed  in th e  above-ground p arts  of th e  T . latifolia s tand  depended, to  a 
great degree, on th e  shoot biomass. The following approxim ate m axim um  
values (all in g m -2) were a tta in ed : N: 25.1, P : 1.6, K : 19.3, Ca: 10.9, 
Mg: 2.4, Na: 5.3, ash: 38.9 —all on 28th Septem ber, except for К  on 4th  
A ugust.
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BIOLOGY OF D U CK W EED S 
IN  A PA N N O N IA N  F ISH PO N D
by
E l i s k a  R e j m á n k o v á
D E P A R T M E N T  O F H Y D R O B O T A N Y , IN S T IT U T E  O F BO TA N Y , 
C ZE C H O SLO V A K  A C A D EM Y  O F S C IE N C E S , 37982 T ß E B O N , C Z E C H O SLO V A K IA
IN T R O D U C T IO N
The N esyt fishpond —area 322 ha, la t. 48°4(i' N., long. 16°44' E ., alt. 175 rn­
is the  largest of the  South M oravian fishponds being s itu a ted  in the  phyto- 
geographical d istric t of E u pan no ni cum. Its  average d ep th  is only about 
2 m, th e  substra tes are m ainly alluvial deposits. The slightly  saline (about
0.1 per cent) and  eutrophic w ater is fertilized and  limed since th e  fishpond 
is m anaged to  produce m arketing fish. D etailed  w ater analyses as well as 
o ther inform ation on the  fishpond are contained in K  v e t (1973). Reedsw am p 
p lan t com m unities (of th e  alliances Phragmition communis and  Scirpion 
maritimi) cover abou t 10 per cent of the fishpond’s area, i.e. some 30 ha. 
T he litto ra l of N esyt and  th e  dom inant p lan t species of these com m unities 
such as Phragmites communis, Tvjpha angustifolia, Bolboschoenus (Scir-pus) 
maritimus have been stud ied  w ithin the  Czechoslovak IB P  projects PT/4 
and  P P -P /3  (see IB P  News nos 13 and  14).
Synusia of floating m acrophytes, nam ely duckweeds, often occur w ithin 
the  reed belt as well as on th e  surface of the  ‘lagoons’ (i.e. sm all patches 
of open w ater w ithin the  reed belt). The association of Lemnctum gibbae, 
com posed of pure Lemna gibba, prevails in the  litto ra l of N esyt. Occasionally, 
th e  association of Riccietum rhenanae, composed of Riccia rhenana, Lemna 
trisulca and  A. gibba, covers sm all areas (for details see R ejm ánková 19736).
The aim  of th is s tu d y  has been to  learn  abou t the  seasonal dynam ics of 
th e  duckw eed populations in th e  litto ra l o f N esyt. The expansive grow th 
of the  duckweeds and  th e ir rap id  decay indicate th a t th ey  represent an 
im p o rtan t link in the  energy flow and  pathw ays of n u trien t cycling in the  
litto ra l of the  fishpond.
PHENO LOG Y
The phenological developm ent of Lemna gibba was observed during the 
years 1971-73. A scheme of th is developm ent tak ing  place during the  p rin ­
cipal growing period is shown in Fig. 1. The sequence of the  individual 
phenological phases is as follows.
1. The germ ination of the  seeds s ta rts  a t  th e  beginning of May. This 
finding is in con trast w ith the  generally accepted opinion th a t  duckweeds 
m ostly h ibernate  in th e  form of vegetative fronds (turions). For the  Lemna 
gibba com m unity on N esyt, the  la tte r  type of hibernation is of little  im por­
tance since more th an  80 per cent of the  new fronds germ inate from  seeds
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in spring. G erm ination continues up to  the  end o f May. The first fronds 
form ed are sm all and  flat, usually, som ew hat purplish; th is  is probably  
connected w ith th e  relatively  low w ater tem peratu res (about 15 °C) usually  
prevailing during th a t  period.
2. The first half of Ju n e  is characterized by a rap id  vegeta tive reproduction 
of th e  duckweeds and, consequently, a rap id  grow th of th e ir populations. 
Newly form ed fronds spread quickly on th e  w ater surface; m ost of them  are 
still flat, b u t some gibbous forms occur and  sporadic flowers are found.
Fig. 1. Scheme o f  the phenological developm ent of duckweeds (Lem na  gibba) during 
the m ain growing season (May to Septem ber, abscissa). Upper part: m onthly  mean air 
tem peratures at Lednice (4 km from  N esyt) in 1971 and 1972
3. The high grow th ra te  of the  populations leads to  an  overcrowding of 
duckweeds, which reaches its m axim um  a t th e  end of Ju n e . Most fronds 
are gibbous a t  th is  tim e and m ost of them  are flowering.
4. During th e  first half of Ju ly , the  p lan ts  slowly s ta r t  to  die off, especially 
in densely overcrowded clusters. Ju ly  is, as a rule, th e  w arm est and  sunniest 
m onth  (see Fig. 1), and overheating o f  the  th ick  duckw eed cover appears 
to  contribu te to  the  rap id  dea th  of m any fronds. B y the  beginning of August, 
hard ly  any  living p lan ts are left on thb w ater surface.
5. D uring la te  A ugust and  Septem ber, th e  few rem aining p lan ts usually 
propagate again, b u t th e  grow th ra te  never reaches the  values observed 
a t  the  beginning of th e  season. The fronds are m ostly  flat and  th ey  do no t 
flower. These p lan ts, usually, die during late  October and  Novem ber.
GROW TH CHARACTERISTICS OF TH E POPULATIONS
D uring the  1971-73 growing seasons, the  following grow th characteristics 
of the  duckweed populations were investigated:
1. R elative grow th ra te  (RGR) in th e  shade of canopies of em ergent 
m acrophytes (Phragmites communié, T ypha angustifolia, Bolboschoenus 
maritimus) as com pared w ith the  R G R  on unshaded open water.
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2. D istribu tion  of duckw eed biom ass along a  line transect across th e  reed 
belt from open w ater tow ards the  shoreline.
3. Biomass o f th e  duckweeds a t th e  tim e o f th e ir m axim um  developm ent. 
R ejm ánková (1973a, c) gives a  detailed  description of the m ethods em ployed.
F igure 2 shows the  seasonal changes in the  average R G R  of  Lemna gibba 
growing in stands of different em ergent m acrophytes. This experim ent was 
carried ou t a t  the  eastern  shore of N esyt (for its characteristics see F ia la  
and  K v ë t 1971), th e  dep th  of w ater varied between —40 and  —60 cm.
Fig. 2. Seasonal changes in the RGR (ordinate, g g ' 1 d “ 1) o f  L e m n a  gibba  growing in 
stands o f  B olboschoenus m a r it im u s  (B) ,  T y p h a  a n g u s tijo lia  (T ), and B h ra g m ite s  
c o m m u n is  (P ) and on unshaded open water (IF). N esyt fishpond, 1972. Abscissa: 
experim ental intervals (black and w hite strips) and m onths from May to A ugust
The best g row th was recorded in the  Bolboschoenus s tan d  where the  light 
and  tem peratu re  conditions seemed to  be m ost suitable for duckw eed grow th. 
Som ewhat lower R G R  values were observed in the  Typha  s tan d  during the  
first th ree  experim ental in tervals; la te r on the  R G R  decreased ra th e r rap id ly r 
apparen tly  because of the  increased shading of the  duckweeds by Typha. 
The Bhragmites s tand  was unusually  dense (164 shoots per 1 m2), which 
was reflected in the  g reatly  re ta rded  grow th of th e  duckweeds present there. 
The R G R  values of the  duckweeds from  the open w ater were also lower th an  
could have been expected from experience w ith  duckw eed grow th in  
unshaded open w ater in the  ‘lagoons’ (see below and  in th e  s tudy  of R e j­
m ánková 1973c). The difference was m ostly due to  the  lower' tem peratures 
of th e  open w ater as it also occurred in th e  reed belt.
F igure 3 shows the  seasonal changes in the  d istribu tion  of th e  duckw eed 
biom ass along a transect from  open w ater tow ards the  shore, across a dense 
s tan d  of Typha angustijolia, a ‘lagoon’, a loose stand  of T . angustijolia, a 
dense s tan d  of Bhragmites communis and  a m ixed Ph. communis—Car ex 
riparia s tand . The transec t, 50 m  long, was situated  a t the  S. shore of N esyt; 
for its characteristics see also F ia la  and  K v ë t (1971). A t th e  beginning of the 
growing season, the  dep th  of the  w ater was —90 cm in th e  dense T . an-
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gustifolia, and  decreased to  —20 cm in th e  Phragmites-C. riparia s tand . In  
sum m er, the  w ater level sank so th a t  th is s tan d  became dry. The samples 
were tak en  a t m onthly  in tervals; for th e  m ethods used see R ejm ankóvá 
(1973c). The R G R  values were calculated from th e  d ry  weight changes 
in individual intervals. The in itial biom ass (Hy), used for the  calculation of 
th e  R G R  during the  first in terval, was assum ed to  be the  same ( =  0.2 g m ~2)
Fig. 3. Biomass (dry weight g  m -2 ) (columns) and RGR (g g~ 1 d~ ') (full lines) along a 
transect from the dense stand o f  T yp h a  angustifolia  to  a m ixed stand o f  Phragm ites 
com m unis  and Carex riparia . N esy t fishpond 1973. Abscissa: sam pling dates (arrows)
a t  all the  sites. This value had  been derived from the  num ber of fronds 
( =  1,000) present on th e  w ater surface at th a t  tim e.
The R G R  and  biomass values can be re la ted  to  the  results of the  pheno- 
logical observations. The high R G R  corresponds w ith the  expansive grow th 
in the  first half of Ju n e , th e  dying off of the  p lan ts is the  reason for the  low 
biom ass and  negative R G R  values in Ju ly . A t th e  beginning of the  growing 
season, hard ly  any  differences existed in the  grow th of the  duckweeds in 
the  different stands; a slightly  higher biomass was found only in the  Phrag- 
mites s tand , th e  shading effect of which did n o t p lay  an  im p o rtan t role a t 
th a t  tim e. In  th e  middle of June, th e  duckweeds in the  ‘lagoon’ showed 
th e  absolutely highest biomass recorded, and  a tta in ed  the  seasonal m axim um  
of th e ir developm ent. A t the  same tim e, som ew hat lower seasonal m axim a
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were a tta in ed  by  th e  duckweeds in the  dense Typha  and  in the  Phragmites- 
Carex riparia stands. A m arked decrease of duckw eed biom ass followed 
in these th ree  stands. In  the loose Typha  s tand , the  duckw eed biomass still 
continued to  increase: the  duckweeds were apparen tly  less overcrowded 
there th an  in the  ‘lagoon’ and  th e  p lan ts  were also p ro tec ted  from  unfavour­
able overheating. A t the  beginning of A ugust, the  duckw eed biom ass was 
very  low in all th e  stands.
A sim ilar exam ple of th e  d istribu tion  of duckw eed biomass along a transect 
from  the  th ick  duckw eed cover on the  w ater surface in a ‘lagoon’ across 
th e  reed belt tow ards th e  shore is shown in Fig. 4. The sam ples were taken
Fig. 4. Biom ass of the dujkw eed synusium  (columns) and relative radiation flux den­
sity  (I j l  ■ 100, % P h A R ,  full line) along a transect from open w ater (W) to  shore 
(abscissa, distance in  m etres) on 28.0.1971. The sketches show the structure o f  the reed
stands
a t  th e  beginning of Ju ly  1972. The duckw eed biomass decreased depending 
on th e  increasing density  of the  Phragmites and  Typha  stands. The shading 
effect of th e  em ergent m acrophyte stands is expressed in term s of the  
re la tiv e  rad ia tion  flux density  {PhAR) recorded a t  w ater level a t noon on 
a day  w ith overcast sky. An exam ple of the range of the  m axim um  biomass 
of duckweeds in different years is given in Table 1. In  bo th  1971 and  1973, 
th e  w ater level in th e  fishpond was high, th e  fishpond being filled w ith water, 
w ithout em erged shores. The m arkedly lower biom ass values of 1973 result 
p robably  from  the  slower vegeta tive reproduction caused by  low tem p era­
tu res during spring. The Bolboschoenus stands did no t develop th e ir aerial
TA BLE 1
V a lu es  o f the seasonal m a x im u m  b iom ass (d r y  w eigh t, g m~~)  
of  duckw eeds (L e m n a  gibba)  recorded at the N esyt fish p o n d  
d u r in g  the years 1971, 1972 a n d  1973
Year ‘Lagoon’ T y p h a  a n g . 
loose
T y p h a  an g . 
dense
B o lb o sch o e n u s
m a r i t im u s
1 9 7 1 1 5 0 7 0 9
1 9 7 2 2 0 8 5 12 8 0
1 9 7 3 4 7 2 2 1 0 —
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p arts  in  these years, which is th e  reason for th e  absence of the  respective 
duckw eed biom ass values. In  1972 the  w ater level in th e  fishpond was low 
(about 50 cm, below th e  norm al w aterm ark). The duckw eed biom ass was 
high in the  loose Typha angustijolia and  Bolboschoenus stands. The low duck­
weed biom ass in th e  ‘lagoon’ was probably  caused by  the  com petitive 
effect of filam entous algae, which strongly  re ta rd ed  th e  vegeta tive repro­
duction of duckweeds. A t th e  beginning of th a t  season, th e  w ater level was 
very  low in th e  lagoon (about 10 cm). These conditions were su itab le for 
the  germ ination of such species as Oenanthe aquatica, Ranunculus sceleratus, 
Veronica anagalis-aquatica, Potamogeton pectinatus, etc. L a te r on, th e  w ater 
level rose by some 15-20 cm and  all these p lan ts served as a su b stra te  for 
th e  grow th of a ttach ed  filam entous algae.
In  all th ree years, th e  seasonal course of the  grow th characteristics of 
th e  duckweeds appeared  to  be m uch the  sam e: the  highest R G R  and biomass 
values occurred during phase 2, of the  rap id  vegetative reproduction, w ith a 
high biom ass persisting also through phase 3, o f flowering and  fruiting. 
The endogenous rh y th m  of a  duckw eed population developm ent seems 
to  be th e  m ain factor determ ining the  seasonal course o f th e  grow th charac­
teristics exam ined. The environm ental factors seem to  determ ine th e  range 
of th e ir absolute values (see Table 1) w ithout substan tia lly  altering the  shape 
o f th e  seasonal course.
The findings from  the  N esyt fishpond cannot be directly  ex trapo lated  
to  o ther South M oravian w ater reservoirs. F o r exam ple, th e  sm all fry- 
ponds situ a ted  in th e  v icin ity  of N esyt being filled w ith the  w ater coming 
from  th e  N esyt, are covered w ith a th ick  layer of th e  same duckw eed species 
(Lemna gibba) during th e  whole sum m er. The phase of rap id  vegeta tive 
reproduction continues also during th e  phase of flowering here, and  the  
phase of massive dying off of th e  duckweeds does n o t tak e  place. This 
difference m ight be caused by a  lower degree of synchrony of the  duckw eed 
populations on th e  fry-ponds th an  th a t of the  duckw eed population on the 
N esyt. The reason for th is discrepancy is still unknow n and  requires fu rth e r 
investigation.
The assessm ent o f the  biom ass and  grow th ra tes of duckweeds on the  
N esy t fishpond was th e  m ain task  to  be fulfilled. H ow ever low the  biomass 
o f th e  duckweeds m ay appear in com parison w ith th a t  of th e  em ergent 
m acrophytes, its quick tu rnover during the  growing season will significantly 
con tribu te  to  energy flow and  n u trien t cycling in th e  water. A close re la­
tionship  betw een th e  developm ent o f duckweeds and changes in nitrogen 
and  phosphorus com pounds in th e  w ater w ithin th e  reed belt of th e  N esyt 
was found b y  D vorak  (1973). Low levels o f phosphate (P) and  am m onia 
(N) in  th e  w ater, in May and  Ju n e , corresponded w ith  our phase 2 of the  
rap id  vegeta tive grow th of the  duckweeds, and  the  rap id  increase in these 
values in Ju ly  and  A ugust corresponded with phase 4 of th e  duckw eed 
dying off and  decay.
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II. BACTERIAL PRODUCTION AND DECOMPOSITION
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BACTERIA IN  T H E  W A TER AND MUD 
OF N E U S IE D L E R S E E  (AUSTRIA)* 
by
M. D o k u l i l
IN STITU T FÜ R  LIM NOLOGIE UND G EW ISSERSCH U TZ D ER  ÖSTERREICH ISCH EN  
AKADEM IE D E R  W ISSENSCHAFTEN, A-1090 VIENNA, AUSTRIA**
INTRODUCTION
Because of a  lack of inform ation on bac teria  in th is very  tu rb id , highly 
alkaline lake, except for some routine observations of th e  governm ental 
pollution control s ta tio n  in V ienna being no t available to  me a t  th e  m om ent, 
it  seemed to  be o f some in terest for th e  IB P  work on Neusiedlersee to  
ob tain  some inform ation concerning bacterial biom ass an d  production.
METHODS
T otal counts were m ade on Millipore filters (M embranfiltergesellschaft, 
G öttingen), pore size 0.2 p, s ta ined  w ith erythrosin . B iomass was calculated 
from  cell counts and  average cell volume (assuming a specific g rav ity  of 
1.0) and  was converted  to  carbon by  applying th e  form ula of K usnetsov 
and  R om anenko (1966). H etero trophic bac teria  were enum erated  on norm al 
n u trien t b ro th  using th e  spread p la te  technique. B acterial production  was 
m easured by m eans of 14C -uptake in the  dark .
E stim ates of microorganisms in  th e  m ud were m ade from  core sam ples 
by direct microscopic counts and  enum eration of viable cells on plates.
Decom position processes were exam ined by  use of B O D -bottles in the  
w ater and  by determ ining the  dehydrogenase ac tiv ity  in th e  bo ttom  m ate­
rials.
R ESU LTS A N D  D ISCUSSIO N  
Biomass
The range obtained  for cell counts over tw o years was 0.69-1.78 X 10e for 
1970 and  0.52-0.94 X 10® per ml for 1971. These values correspond to  those 
of lowland lakes of meso- to  slightly  eutrophic character (K usnetsov 1959, 
Overbeck 1968, R einheim er 1971). They are com parable w ith m easurem ents 
on L ake B alaton  (Oláh 1969a, b) b u t m uch lower than , for instance, those 
from  L ake E rken  (Nauwerck 1963). Biomass increases slowly th roughout 
th e  year reaching a  peak in la te  au tum n  with m inim um  values during the
* Supported w ith equipm ents by  grant N o. 1637 o f the F onds zur Förderung der 
W issenschaftlichen Forschung  (Austria).
** Publ. N o. 12 o f  IB P -P F  Neusiedlersee.
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Fig. 1. l ' / 2-year cycle o f  bacterial biom ass and production, (a) Total bacterial b io­
m ass as m g fresh w eight per m ~3. (6) Dark carbon uptake in m g C m ~3 d-1 . B lack  
circles are values under ice cover
period of ice cover (Fig. la ). Tilzer (1972) has some evidence for a  connection 
betw een bacterial biom ass and  inorganic tu rb id ity . Neusiedlersee is an  
ideal lake for th e  estab lishm ent of such a connection and  as it  can be seen 
in Fig. 2, a dependence clearly exists. W inter values seem to  be independent 
of tu rb id ity , b u t with increasing concentration of inorganic partic les bac­
teria l cell counts increase and  have a tendency  to  level off a t  th e  highest 
concentrations. The correlation coefficient of 0.74 is highly significant a t 
the  99 per cent level of confidence. The population increase m ight be due 
to  bac teria  stirred  up together w ith m ud partic les th rough  w ind-generated 
turbulence. The explanation  for th e  p la teau  on the  righ t-hand  side o f the
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graph m ight be the n u trien t lim ita tion  or a reflection of the  to ta l incorpo­
ra tion  of th e  bac teria  of th e  bo ttom  m ud into the  w ater column. Saprophytic 
bac teria  (Fig. 3) rap id ly  increasing a fte r ice break reach th e ir m axim um  
value around A ugust w ith a subsequent decline till the  end of th e  year. 
A com parison of Fig. 3 w ith Fig. 1 a clearly shows th a t  th e  highest sapro­
phy tic  counts do no t correspond in tim e w ith th e  to ta l counts. This peak
MFB
Fig. 2. Correlation o f  bacterial cell counts on membrane filters (MFB) to  inorganic 
turbid ity (T). The curve was fitted by  eye and the correlation coefficient calculated. 
Black circles indicate the period o f  ice cover
TABLE 1
T o ta l a n d  viable coun ts in  the sed im en t
Date
M F-bacteria (ind. 
109/g fr. wt)
Colony counts 
(С X  103/g fr. w t)
Dehydrogenase 
ac tiv ity  
(ext./10 g mud)
4 .4 .7 2 1 8 .9 5 0 9 0 .0 4 4
2 5 .5 .7 2 2 0 .4 1 68 0 .0 1 6
7 .6 .7 2 2 1 .5 1 68 0 .0 1 8
2 2 .6 .7 2 1 7 .4 1 47 0 .0 1 6
2 3 .8 .7 2 2 4 .5 2 1 6 0 .0 2 8
of heterotrophic bacteria  could be due to  some breakdow n of m acrophytes 
which increase the  concentration of. dissolved organic compounds.
A few m easurem ents indicate th a t  bo th  to ta l and  saprophytic bac teria  
are higher by a factor of 1,000 in the  sedim ent (Table 1) com pared to  th e  
concentration in the  w ater column.
Production
Carbon u p tak e  in the  dark  was tak en  as a m easure of bacterial production 
(K usnetsov and  R om anenko 1966). The re liability  of these .values was 
proved by  th e  change-in-num ber m ethod (Gak e t al. 1972) converted to  cell
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carbon, according to  T roitsky and Sorokin (1967). The converted  values 
are approx. 10 per cent higher th a n  the  m easured carbon up take. Therefore, 
i t  seems unnecessary to  use the  form ula o f R om anenko (1963) for production 
calculation from  14C -data (see also discussion of heterotrophic carbon u p tak e  
jn Tilzer 1972). D aily ra tes were calculated  by  m ultiplying the  hourly  ra te
SB
Fig. 3. Heterotrophic saprophytic bacte­
ria (SB) on p lates (1971)
F ig. 4. Correlation o f  bacterial 
biomass (BB) and dark carbon 
uptake (H)
TA BLE 2
D aily  cycle of dark carbon uptake from  cum ulative 2-hour experim ents 
compared w ith calculated figures by m ultip ly ing  the hourly rate by 24
6 -8  1 8 -10 10-12 12-14 14-16 16-18 18-6 Sum
1 .2  2 .7 2 1 .3 8 3 .0 4 2 .0 4 2 .3 8 1 2 .7 2 2 5 .6
4 .4 0 2 6 .4
by 24. This is possible because the  observation of T ilzer (1972), th a t  there 
is a decrease in carbon u p take during th e  day, is no t valid for N eusiedler­
see (Table 2).
H eterotrophic carbon u p take is relatively well correlated w ith to ta l 
bacterial biom ass (Fig. 4).
The unexpectedly high u p take ra te  relative to  the  to ta l biomass is puzzling. 
I t  was proved th a t  no radioactive carbon is adsorbed on th e  inorganic 
particles. The am ount of carbon tak en  up by algae in th e  dark  should be 
established by using the  m ethod of Takahashi e t aí. (1970), b u t it is probable 
th a t  th is am ount is small.
F igure 1« and  b shows good agreem ent betw een production and  biomass 
th roughout the  year. Values are, in general, low in w inter under the  ice 
cover and high in the second period of the  year. P roduction  per u n it biomass 
varies betw een 0.3 and 8.3.
H eterotrophic u p take (H) is independent of photosynthetic  carbon u p take 
(A) under ice b u t highly correlated during the  rest of the  year (Fig. 5).
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From  th is graph it can be concluded, as Tilzer (19 72) points out, th a t  excre­
tion  of organic com pounds by algae is the  m ost im portan t factor controlling 
heterotrophic production.
C alculating the  ra te  o f hetero trophic to  au to troph ic  carbon u p take 
(Fig. 6) one finds th a t  bacterial p roduction exceeds prim ary  production by 
a factor of 10 in w inter under the  ice. The ra te  decreases afte r ice break until 
th e  end o f Ju n e  possibly due to  a lack of soluble organic compounds. In  
Ju ly , a rap id  increase up to  0.55 : 1 leads to  a more or less stable ra te . This 
increase corresponds w ith a breakdowm of the  zooplankton population 
(Herzig 1974).
H
Fig. 5. Correlation o f heterotrophic carbon uptake (H) to photosynthetic uptake (A)> 
both in m g C m -3  d _1 for 1970. Black circles: ice cover
H A
Fig. 6. Annual cycle o f  the relation o f heterotrophic (H) to photosynthetic (A) C-uptake 
for 1970. R elation  under ice is indicated by  triangles
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Destruction
Some prelim inary  m easurem ents of destruction  ra tes revealed relatively 
slow decom position in th e  sedim ent and  a som ew hat higher tu rnover in 
th e  w ater column. More investigations on destruction  in m ud and  w ater 
and  on benthic bac teria  should be carried ou t before the  end of IB P .
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D ESTR U C TIO N  OF ORGANIC M ATTER IN  T H E  W A TER 
OF SOME M ASURIAN LA K E S OF VARYING T R O PH ISM
by
W . A. G o d l e w s k a - L i p o w a
IN ST IT U T E  OF ECOLOGY, PO L ISH  ACADEM Y OF SCIENCES, 
D EPA R TM EN T OF H Y D RO BIO LO G Y , D ZIEK A N Ó W  L E S N Y , N R . W A RSA W  (PO LA N D )
All organic m atte r produced either by  p lan ts  in au to troph ic processes of 
photosynthesis or by  anim als in heterotrophic processes, and  all a llochthon­
ous organic m atte r entering freshw aters, is decomposed and  th en  m ineral­
ized, In  these processes being directly  or indirectly  related  to  the  p ro d u c tiv ­
ity  of aquatic  ecosystems and  organism s of different trophic level bacteria  
p lay  the  m ost im portan t role.
In  aquatic  ecosystems hetero trophic bac teria  predom inate, th e ir con tri­
bution to  the  num ber of bac teria  exceeding 90 per cent. I t  should be, how­
ever, rem em bered th a t no t only the  num ber of bacteria  is essential to  ch a r­
acterize ecosystems and  th e ir biological, physical and  chemical properties, 
b u t also th e  ac tiv ity  of bacteria, th e ir ab ility  to  transform  organic m atter.
F rom  th e  chemical po in t of view two stages of decom position can be 
distinguished: (1) hydrolysis processes resulting in the  breakdow n of com ­
plex organic com pounds to  more simple low-molecular weight com pounds 
and  (2) oxidation  processes of simple com pounds w ith such final m ineral 
com pounds being produced as C 0 2 (carbon dioxide), H 2S (hydrogen sul­
phide), N H 4 (amm onium ), — P 0 4 (phosphates) and  other simple com pounds 
used by bac teria  and  phy top lank ton . B oth  these stages are due to  the  
action  of m icroorganisms. The enzymes occurring in bacterial cells being 
responsible for basic processes of living cells take p a r t  in th e  decom position 
o f organic m a tte r and  so do adap tive enzymes produced only in the  presence 
of specific substrates.
Organic m atte r of th e  aquatic  ecosystems is no t uniform , b u t it represents 
a m ulticom ponent system  containing readily  decomposable simple com ­
pounds as well as highly complex com pounds not readily  hydrolysable 
as e.g. cellulose, lignin, chitin  and  o ther substrates, le t alone highly po ly­
m erized structu res entering freshw aters via industrial wastes. The decom ­
position processes of such a chemically diversified organic m a tte r are d e te r­
m ined by  the  dom inant types of m acro- and  m icroorganisms being present 
in the  m ultispecies com m unity.
This repo rt has aim ed a t  presenting the  results of the  stu d y  on the  u til­
ization ra te  of different kinds of organic m a tte r by heterotrophic bacteria  
in lakes of different trophic type.
The stud ied  lakes are s itu a ted  in the  north -east of Poland, in th e  M asurian 
L ake D istrict. These are the  m esotrophic Lake M am ry and  eutrophic lakes 
Taltowisko, Sniardw y, M ikolajskie, B eldany, Nidzkie and  Guzianka.
The utiliza tion  ra te  of the  following substra tes wras studied: glucose, 
sucrose, salicin, amylose, cellobiose, cellulose, being utilized by  bac teria  as
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a  source of carbon, and  also asparagine and  bactopepton  used as a source 
o f carbon and  organic nitrogen. In  addition, m ulticom ponent substrates 
were studied in th e  form of n a tu ra l organic m a tte r  being obtained  from  the 
w ater of a eutrophic lake by freezing, as well as by  drying and  powdering 
cells of zoo- and  phy top lank ton  and  th e  reed Phragmites communis. All 
these substra tes occur in n a tu ra l lakes being the  products of m acrophytic 
an d  phy top lank ton ic photosynthesis. They are added to  th e  lake w ater a t 
the  ra te  of 10 mg per litre.
The m ethod of choice in the  s tudy  was based on m easuring th e  am ounts 
of oxygen used by n a tu ra l bacterial populations inhabiting th e  lakes, afte r 
elim ination of zoo- and  phy top lank ton , and a fte r a 24-48-hour period of 
incubation in  th e  dark  a t  a s tan d ard  tem peratu re  of 19-20 °C. The A / В  
index of heterotrophic ac tiv ity  of bacterial microflora was calculated  where 
A  was th e  am ount of oxygen used by bac teria  (mg per litre) from  th e  w ater 
sam ples w ith th e  added su b stra te  and  В  was th e  am ount of oxygen (mg per 
litre) used by  bac teria  under th e  sam e conditions and  w ithin th e  same 
tim e, from the  w ater sam ples w ithout su b stra te  (control samples) (God- 
lewska-Lipowa 1974«-d). The am ount of oxygen was m easured by 
W inkler’s m ethod.
The stud ied  lakes form a  trophic grad ien t. The increase in eu trophy  was 
followed by an  increase in th e  num ber of bacteria  ranging from  2.0 X  106/ml 
in th e  m esotrophic L ake M am ry to  15.0 or 20 x  106/m l of w ater in the  m ost 
eu trophicated  L ake G uzianka (Fig. 1, curve 1). The increase in the  num ber
Fig. 1. Total num ber o f  bacteria (106/ml) (curve 1), biom ass o f  bacteria (mg/1) 
(curve 2) and the generation tim e o f  bacteria (h) (curve 3) in Masurian lakes w ith d if­
ferent trophic levels (Ma =  Mamry, T =  Taltowisko, S =  Sniardwy, Mi =  Mikolajskie, 
B =  B eldany, N  =  N idzkie, G =  Guzianka)
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of bac teria  regarded here as one of the  criteria of the  degree of eu troph ica­
tion  was accom panied by an increase in bacterial biomass (Fig. 1, curve 2).
The generation tim e of m ultispecies m icrobial com m unities in n a tu ra l 
lake w ater also depends, to  some ex ten t, on the  trophic s ta te  (Godlewska- 
Lipowa 1969, 1970). The ra te  of bacterial cell division (at the  logarithm ic 
phase of the  bacterial population grow th rate) is slightly lower in m esotro- 
phic lakes th an  in eutrophic ones, and  th e  increase in the  eu trophication  
of th e  lakes is followed by a decrease in the  ra te  of bacterial cell division 
(Fig. 1, curve 3).
Fig. 2. A m ount o f  0 2 consum ed by bacteria (m g02/l/24h) (curve 1), and coefficient o f  
the activ ity  o f heterotrophic bacteria (A jl i)  calculated for glucose (curve 2) and bacto- 
pepton (curve 3), in Masurian lakes o f  different trophic levels (for legends see F ig. 1)
The stu d y  of th e  endogenous resp iration  of bac teria  in n a tu ra l lake w ater 
w ithout added  substrates indicates th a t  there is a significant relationship 
betw een th e  am ount of oxygen used and  eutrophication (Fig. 2, curve 1). 
The lowest endogenous resp iration  of bac teria  was found in th e  m esotrophic 
lake, and  th e  highest ra te  was recorded in th e  m ost eu troph icated  lake. 
This regularity  does n o t concern, however, saprobiotic lakes highly polluted 
w ith industrial wastes and  sewage (this problem  will no t be discussed here 
in detail, although it has p a r tly  been elaborated).
The ac tiv ity  index of heterotrophic bacterial microflora characterizes, 
to  a  g reat degree, the  ra te  of organic m a tte r decom position in lakes. I t  has 
been calculated for all lakes in question a t  different dep ths from epilimnion 
to  hypolim nion.
The obtained  results were used to  calculate average values characterizing 
the  studied ecosystems. The ac tiv ity  indices were calculated for all substrates
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m entioned above. I t  has been found th a t  some of them  ten d  to  increase 
w ith an  increase in eutrophication.
The average values of th e  heterotrophic ac tiv ity  index calculated for 
glucose and  bactopepton  (Fig. 2, curves 2 and  3) increase in proportion  to  the  
increase in  th e  num ber and  biomass of bac teria  and  in th e  endogenous 
respiration ra te  and  thus, p roportionally  to  eu trophication. Glucose and 
bac topep ton  are substra tes commonly used by the  m ajo rity  of heterotrophic 
bac teria  dom inating th e  aquatic  ecosystems. T h a t is why th e  relationship 
betw een the  num ber of bac teria  and  th e  ac tiv ity  index calculated for these 
substra tes is so significant. The lowest values of the  to ta l heterotrophic 
ac tiv ity  index (glucose) were found for th e  m esotrophic L ake M am ry and  
th e  highest ones for L ake G uzianka. In term ed ia te  values were found for 
o ther lakes.
Sucrose is a disaccharide utilized in lakes by  bac teria  a t d ifferent ra tes 
(Fig. 3, curve 1). A significant increase was observed in th e  u tiliza tion  of 
th is substra te  w ith an  increase in th e  num ber of bacteria: a m arked 
decrease in the  ac tiv ity  index was recorded in polytrophic L ake B eldany 
and  L ake Nidzkie, which is polluted w ith cellulose sewages: an  increase was 
observed in L ake Guzianka.
Salicin is a glucoside assim ilated probably  only by some physiological 
groups of bac teria  (Fig. 3, curve 2). I t  is a p roduct of te rrestria l and  perhaps 
aquatic  m acrophyte photosynthesis. I t  is dissolved and  passes as a substra te  
from the  land  into lakes. A slight b u t app aren t increase was found in  salicin 
u tiliza tion  by bacteria  with an  increase in eutrophication. The lowest values
Fig. 3. Coefficient o f  the a ctiv ity  o f  heterotrophic bacteria (A jB ) calculated for sucrose 
(curve 1), salicin (curve 2) and asparagine (curve 3) in Masurian lakes o f different 
trophic level (for legends see F ig. 1)
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were found for the m esotrophic L ake M am ry and  th e  highest ones for L ake 
G uzianka. The inhibition of bacterial ac tiv ity  in relation  to  th is su b stra te  
could be observed in L ake Nidzkie; the  ac tiv ity  index was considerably 
lower th an  in eu trophic lakes.
A sim ilar curve of the  ac tiv ity  index was found for asparagine (Fig. 3, 
curve 3). I ts  u tilization ra te  considerably increased w ith th e  increase in 
eutrophication. As in th e  case of salicin and  sucrose, a definite inhibition 
o f bacterial ac tiv ity  was observed in relation to  asparagine for L ake Nidzkie.
Cellobiose is a substance slightly  more resistan t to  decom position th an  
those discussed above. As a product of cellulose hydrolysis it is utilized only 
by some groups of bacteria. The ac tiv ity  indices were low (Fig. 4, curve 1) 
and  tended  to  increase w ith the  increase in trophic level.
A tten tion  should be payed  to  th e  cellulolytic ac tiv ity  index of the  m icro­
bial com m unity calculated for cellulose (Fig. 4, curve 2). Cellulose is used 
by special physiological groups of bacteria  producing cellulase. I t  is a 
su b stra te  very  resistan t to  chemical hydrolysis; it can be degraded only 
by adaptive enzymes of the cellulase type. Cellulolytic bac teria  do not 
represent a uniform  group from  th e  po in t of view of system atics, and  owing 
to  th e  presence of cellulase they  are a physiologically specific group. Cellulo­
ly tic  ac tiv ity  was low in all the  stud ied  lakes except for Lake Nidzkie where 
th e  recorded values of the  ac tiv ity  index several tim es exceeded those 
found for o ther lakes. This lake was polluted w ith sewage from  cellulose 
and  hardboard-w orks; a t  p resen t it is contam inated  by  th e  sewage and
Fig. 4. Coefficient o f  the activ ity  o f  heterotrophic bacteria ( A /В)  calculated for cello­
biose (curve 1), cellulose (curve 2) and am ylose (curve 3) in Masurian lakes w ith  
different trophic levels (for legends see Fig. 1)
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wastes from a sawmill. The high values of the  cellulolytic ac tiv ity  index 
indicate th a t th e  lake is highly polluted. In  th is case the  cellulolytic ac tiv ity  
index m ay be regarded as a diagnostic test. I t  seems th a t, because of pollu­
tion, infavourable physicochem ical conditions have been created  for th e  
developm ent of bacterial groups requiring o ther m etabolic substrates. 
Consequently, there  is a significant inh ibition  in the  u tiliza tion  of the  above- 
m entioned substra tes including also readily  assim ilable asparagine.
Amylose is also one of the  substra tes no t readily hydrolysable. I t  is used 
by am ylolytic bac teria  producing am ylase (Fig. 4, curve 3). The ac tiv ity  
index of am ylolytic bac teria  is no t high in th e  stud ied  lakes, i t  increases, 
however, w ith an  increase in eutrophication. Polysaccharides of th e  ty p e  
of amylose and  cellulose are the  products of phv toplanktonic and  m acro- 
phy tic  photosynthesis; th is  seems to  be the  reason why th e  indices o f am ylo­
ly tic  and  cellulolytic ac tiv ity  increase w ith an  increase in trophic level. 
These indices can also be considered, to  some ex ten t, ones characterizing 
th e  p rim ary  production of organic m atte r, being the  basic criteria of lake 
classification.
M ulticom ponent substrates are highly resistan t to  bacterial decomposi­
tion , and  th e  indices found for th ree stud ied  complexes were low. The organic 
m a tte r  obtained  by  freezing lake w ater is more readily  decomposed in 
highly eutrophic lakes th an  in the  those of low eu trophy  (Fig. 5, curve 1); 
th e  sam e can be said abou t zoo- and  phy top lank ton  cells containing protein 
and  lipid complexes, pieces of cellulose or chitin  and  also o ther compounds' 
in  th e  form o f organic silicates (Fig. 5, curve 2). The reed Phragmites
Ma T S Mi B N G lakes
Fig. 5. Coefficient o f  the activ ity  o f  heterotrophic bacteria ( A /В)  calculated for p oly­
compound organic m atter (curve 1), zoo- and phytoplankton (curve 2) and P hragm ites 
com m unis  (curve 3) in Masurian lakes w ith different trophic levels (for legends see
Fig. 1)
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communis is m ost n tensively decomposed in L ake Nidzkie. In  addition  
to  cellulose, it certain ly  contains large am ounts of lignin (Fig. 5, curve 3). 
I ts  decom position in th is  lake seems to  be justified, due to  the  presence 
of sewage and  wastes from  a sawmill located a t  th is lake. Thus th e  bacterial 
microflora degrading th is type of chemical structu res is ab u n d an t there.
The obtained  results indicate th a t  there is a close relationship between 
the  decom position ra te  of organic m a tte r expressed in the  form  of an  index 
of heterotrophic m icrobial ac tiv ity , and  the  eutrophication  of th e  lakes. 
The results of microbiological analysis have allowed the  assessm ent of some 
param eters characterizing the  eu trophication  of the  lakes. These are as 
follows: to ta l num ber and  biomass o f bacteria, generation tim e of bacteria  
and  also th e  heterotrophic ac tiv ity  index characterizing the  ra te  of decom ­
position of organic m a tte r  in lakes.
So far the  criteria of lake classification have been based on param eters 
characterizing production of organic m atter. In  addition  to  production 
processes, those of organic m a tte r  decom position occur in the  lakes. Besides 
production, th ey  constitu te  a basic elem ent of ecosystem  productiv ity , 
joining particu la r links of the  trophic web. A knowledge of th e  dynam ics 
of these processes a t different stages in the  ecosystems of different trophic 
types will enable us to  get an  insight in to  th e  mechanisms and  functioning 
of th is ecosystem  as well as to  assess some general regularities controlling 
them . This is th e  way of creating new ecological environm ents.
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МЕТЛ LIMN! OX FU N CTIO N  IN  SHALLOW  LA K ES
by
J .  O l á h
BIOLOGICAL R E SEA R C H  IN S T IT U T E  OF T H E  H U N G A R IA N  ACADEM Y OF SCIENCES,
T IH A N Y , H U N G A R Y
In  the ecosystems of deep, stratified  eu trophic lakes th e  m ain function o f 
th e  m etalim nion is fulfilled by th e  isolation of sedim ent and  its  extension,
i.e. th e  anoxic, nu trien t-rich  hypolim netic w ater from  th e  epilimnion 
having a high ra te  of m etabolism  w ith a lim ited  n u trien t supply. D ue to  
th is  function the  autochthonous n u trien t replenishm ent in  th e  epilimnion 
is largely restric ted  to  th e  vernal and  au tum nal overturn .
Investigating  the  deep, stratified  eutrophic Kolksee (Schleswig-Holstein; 
Oláh e t al. 1973) and a num ber of shallow H ungarian  lakes, a clear, functional 
analogy has been found betw een th e  m etalim nion of the  stratified  K olksee 
and  the  oxidized sedim ent surface of shallow lakes. The qualita tive com pari­
son of several physicochem ical profiles in th e  deep Kolksee and  th e  shallow 
L ake B alaton  dem onstrates th is analogy (Fig. 1). In  deep lakes there  is 
a  tem peratu re-density  grad ien t in the  m etalim nion besides th e  presence 
of oxygen to  isolate the  nu trien t-rich  anoxic hypolim netic water. In  case 
of shallow lakes th e  disappearance of oxidized sedim ent surface m erely 
induces an upwelling of nu trien t-rich  anoxic in te rs titia l water. The presence 
or absence of oxidized sedim ent surface, i.e. th e  availability  of oxygen a t 
the  sedim ent-w ater interface is one of the  m ost im portan t factors affecting 
the  stru c tu re  and functioning of shallow lake ecosystems.
E
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Q.
0 )u
Fig. 1. Q ualitative comparison o f physicochem ical profiles in the deep K olksee and 
the shallow Lake Balaton, t  =  tem perature, =  redox potential
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Using th e  M ilkbrink m icrostratification sam pler we have determ ined 
th e  redox profile of the  sedim ent-w ater interface in a num ber of shallow 
H ungarian  lakes (Fig. 2). The ex ten t of th e  oxidized sedim ent zone was 
negatively  correlated w ith the  organic load, com m unity respiration and 
reducing power of the  sedim ent as well as w ith th e  lenitic n a tu re  of the 
lake or th a t  of th e  bo ttom  w ater (Fig. 3). Significant tem poral changes have 
been detected  in the  redox profiles both of a highly loaded sewage oxidation 
pond and  in those of L ake B alaton. The thickness of the  visible oxidized 
sedim ent surface in Lake B alaton  was less th an  1 cm b u t only in sum m er 
a fte r a long calm  period and  a fte r the  spring flood of R iver Zala in th e  highly
Fig. 2. R edox profiles a t the sedim ent-water interface o f  shallow lakes. 1, Lake Velence, 
Cladophora-covered bottom ; 2, Lake Velence, reeds-sheltered area; 3, Lake Velence, 
open water; 4, Lake Balaton, less productive area; 5, Lake Balaton, h ighly productive 
area; 6, Lake Belső; 7, Sewage oxidation pond
decreasing 
thickness of 
the oxidized 
sediment 
surface
increasing 
in lenitic 
nature
increasing
benthic
community
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SEWAGE OXIDATION  
POND \
Fig. 3. R elation o f the thickness o f  oxidized sedim ent zone to  benthic parameters
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productive K eszthely-B ay. The under-ice redox profiles in L ake B alaton  
are characterized by a th ick  oxidized sedim ent surface due to  th e  significant 
epibenthic algal production of oxygen induced by appropria te  light condi­
tion  (Herodek and  Oláh 1973). In  a highly loaded sewage oxidation pond 
we have m easured a diel periodicity  in the vertical m ovem ent of the  reduced 
sedim ent zone. D uring the  larger p a r t of the  day, the  sedim ent surface was 
oxidized having an  E h value of -}-300 mV. The reduced sedim ent zone rose
Big. 4. Territorial differences in the redox profile and the thickness o f the oxidized
sedim ent zone in Lake B alaton
to  the  sedim ent surface for a short tim e ju s t before sunrise w ith an  E h 
value of + 1 0  mV. This diel m ovem ent of the  reduced zone seems to  have 
an  im portan t role in m aintaining the  perm anent sum m er bloom of blue- 
green algae in this sewage oxidation pond. In  the  large shallow Lake B alaton 
there  are significant territo ria l differences in the  thickness of the  oxidized 
sedim ent surface (Fig. 4). The visual thickness was m easured on glass tu b e  
cores, according to  the  position of the  blackish zone. This iron-sulphide- 
containing zone appeared usually afte r the  fall of E h below the  value of 
0 mV. The oxidized upper layer was th innest in the  highly productive K esz t­
hely-B ay and  in the  ad jacen t areas receiving the  m ajority  of the  inflowing 
w aters w ith high organic load.
The thickness of the  oxidized sedim ent surface in shallow lakes depends 
prim arily  on th e  oxygen balance of the  whole ecosystem. To dem onstrate 
th is dependence we have investigated  the  daily  oxygen budget of Lake 
B alaton  in the  less productive area of section A and  in the  highly productive 
area of section M (Table 1). In  bo th  p a rts  of th e  lake the  photosynthetic 
oxygen production exceeds the  sum  of p lanktonic and  benthic oxygen 
consum ption. Owing to  th is positive oxygen balance, we could m easure a 
considerable accum ulation of oxygen even in the  w ater of the  ice-covered 
lake (Herodek and  Oláh 1973). Nevertheless, a t th e  prevailing trophic 
s ta te  in K eszthely-B ay w ith th is very  high to ta l oxygen consum ption, 
there  is a  real chance for th e  developm ent of a  negative oxygen balance 
a t  least in th e  bottom  w ater layers. U nder appropriate  environm ental
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TABLE 1
D aily  oxygen budget 
(m g  0 2/m 2 d a y - 1 )
Lake Balaton
Less productive 
area
12 July, 1973
Highly productive 
area
14 June, 1973
Photosynthetic oxygen production
(P) 1,820 9,400
Planktonic oxygen consumption 840 5,625
Benthic oxygen consumption 648 2,040
Total consumption (R) 1,488 7,665
P -R 332 1,735
conditions (long calm w eather, high w ater tem perature), the  oxygen deficit 
in th e  bo ttom  w ater leads to  the  to ta l disappearance of th e  constan tly  
th in , oxidized sedim ent surface.
A t th e  reduced sedim ent-w ater interface, a significant am ount of organic 
and  inorganic n u trien ts  dissolved in th e  anoxic in te rstitia l w ater enters 
th e  w ater colum n and  serves as a  n u trien t supply fu rth e r increasing the  
trophic level of th e  lake. This is a p a rticu la r feedback m echanism  operating 
a t  higher trophic levels o f shallow lakes. A t present, th is  mechanism  cannot 
occur in the  less productive larger p a r t of Lake B alaton  owing to  th e  th ick  
oxidized sedim ent surface m ain tained  by the  positive oxygen balance, 
b u t does operate periodically in th e  highly productive K eszthely-B ay and 
operates daily  in  th e  investigated  sewage oxidation pond which has a diel 
periodicity  in th e  vertical m ovem ent of the  reduced sedim ent zone. The 
reduced sedim ent-w ater interface especially prom otes the  developm ent of 
blue-green algal blooms (Oláh 1971). The function of the  disappearance 
of th e  oxidized sedim ent surface lies also in the  decreased decom position 
ra te  of organic m aterials, besides the  n u trien t enrichm ent of the  w ater 
column. In  the  less productive p a r t of L ake B alaton  w ith a th ick  oxidized 
sedim ent surface, th e  decom position of available organic m atte r is very 
rap id  accounting for the extrem ely low sum m er m inim a of bo th  to ta l and 
heterotrophic bacterioplankton. A t th e  sam e tim e, in the K eszthely-B ay 
with a periodically occurring reduced sedim ent surface, the  decomposition 
ra te  can slow down resulting in very  high sum m er m axim a of the  to ta l 
and  heterotrophic bacterioplankton.
The q u an tita tiv e  aspects of the  m echanisms involved in th e  nu trien t- 
enriching and  decom position-retarding effect of the  reduced sedim ent- 
w ater interface have not been thoroughly studied. During th e  recent years, 
several qu an tita tiv e  studies have been m ade on phosphate release from 
reduced sedim ent of different lakes (Burns and Ross 1971, Björk e t al. 
1972, Tessenow 1972). The dissolved P 0 4-P concentration in th e  w ater 
o f  L ake B alaton  is very low, 1-3 pg per 1, and there has been no detectable 
change during th e  last fou rty  years (Oláh e t al. in prep.) a t  least in the  
larger, less productive p a r t of th e  lake. This steady  s ta te  concentration of 
dissolved inorganic phosphate in th e  w ater of th is lake is m ain tained  by the  
chemical n a tu re  of the  w ater and  the  constan t d isturbance of th e  oxidized
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sedim ent surface. The adsorption isotherm s of P 0 4-P, both  in th e  less 
productive area and in the  highly productive K eszthely-B ay, indicate a 
very  high adsorption capacity  of the  oxidized sedim ent in  th is lake (Fig. 5). 
The high, dissolved inorganic phosphate con ten t of inflowing w aters includ­
ing also dom estic sewages is rap id ly  precip ita ted  and adsorbed by  th e  sedi­
m ent. This process explains the  relatively  high to ta l-P  conten t even in the 
open w ater sedim ent of the  less productive area (0.05 per cent).
Fig. 5. Adsorption isotherms o f P 0 4-P adsorbed by fresh lake sedim ent
A t the  reduced s ta te  of the sedim ent surface th is  inactivated  phosphate 
m ay be rap id ly  released in to  th e  w ater through th e  iron su lphur—phosphorus 
system  or a t  a  more acid anaerobic pH  profile th rough  th e  calcium car­
bonate-phosphorus system . In  L ake B alaton, th e  pH  range of the  reduced 
sedim ent-w ater interface is more acid th a n  th a t  of the oxidized sedim ent-wa- 
te r  in terface and  prom otes the  P 0 4-P  release through a calcium carb o n ate- 
phosphorus system  (Fig. 6). U nder anaerobic experim ental conditions, 
th e  daily  release of P 0 4-P  from  th e  sedim ent of Lake B alaton, especially 
in the  highly productive K eszthely-B ay, is significant b u t lower th an  in 
eutrophic stratified  lakes, or in th e  highly polluted shallow lakes (Fig. 7). 
The cum ulative release is linear up to  the  94th day  of incubation in the  case 
of th e  less productive area, and to  the  25th day  ofincubation  a t  the  sedim ent- 
w ater interface of K eszthely-B ay (Fig. 8).
In  the  g reatest p a r t  of th e  lake th e  photosynthetic  organic production 
is m oderately low and  seasonally constan t (Herodek and  Tam ás 1973) 
including even the  w inter, under ice production (Herodek and  Oláh 1973). 
This seasonally constan t p rim ary  production m ay duly  be explained by  the  
steady-sta te  na tu re  of inorganic phosphate pool available for d irect u tiliza­
tion. This steady  s ta te  was destroyed slowly in K eszthely-B ay due to  the  
increased in p u t of organic and  inorganic n u trien ts  resulting, a t  th e  sam e
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tim e, in  a slow increase of organic production to  a critical level ju s t enough 
to  induce the  establishm ent of a  periodically occurring reduced sedim ent 
surface. This sedim ent surface releases a significant am ount o f phosphate 
to  supply  a higher level of p rim ary  production which results, sim ultaneously,
Fig. 6. pH  range o f the oxidized and reduced sedim ent-water interface o f Lake Balaton
Fig. 7. R elease o f  P 0 4-P (or total P) from the reduced sedim ent in different lakes. 1, 
Lake Balaton, less productive area; 2, Lake Balaton, highly productive area; 3, Lake 
Erie; 4, Linsley-Pond; 5, Ursee; 6, Lake Trummen
Fig. 8. Cumulative release o f P 0 4-P from the sedim ent o f Lake B alaton under anaerobic 
experim ental conditions. M =  h ighly productive area; A =  less productive area
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in increased periods of reduced sedim ent surface, releasing more phosphate 
and  fu rth e r increasing the  organic production w ithin th e  system  (Fig. 9). 
The outcom e is a self-accelerated eutrophication  in shallow lakes—reaching 
this critical level of organic production or allochthonous organic lo ad — 
through  th e  positive runaw ay feedback mechanism  of anaerobic phosphate 
release.
Fig. 9. Self-accelerated eutrophication through positive feedback m echanism  o f  an­
aerobic phosphate release
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INTRODUCTION
W hen a q u an tity  of organic m a tte r is produced in or added  to  a  shallow 
well-mixed w ater column, it m ay be equally  available for consum ption by 
pelagic or benthic organisms. Sim ilar additions to  a  deep or stratified  w ater 
column, however, m ay be alm ost en tirely  consum ed or decomposed by pelagic 
com m unities w ith a very  small fraction reaching the  bo ttom . P lanktonic 
and  benthic com m unities thus com pete for a common supply of organic 
m a tte r and  the  proportion obtained  by bottom  organism s m ay be inversely 
re la ted  to  w ater colum n depth , or if stratification occurs, to  the  mixed- 
layer or therm ocline depth.
L ark in  (1964), in his review of R aw son’s studies on C anadian lakes, 
suggests th a t  increased dep th  of m ixing m ay resu lt in g reater decom position 
in the  euphotic zone w ith a corresponding decrease in supply of organic 
m a tte r to  th e  bo ttom . H e noted  th a t  in four large northern  C anadian lakes, 
th e  ra tio  of p lank ton  to  bo ttom  fauna standing crop was least in well- 
m ixed L ake W innipeg and  g reatest in deeper stratified  lakes. A lthough a 
sim ilar relationship could no t be shown for twelve Saskatchew an lakes, 
L a rk in ’s observations do show th a t  in some cases the  size of p lanktonic 
and  benthic com m unities m ay be inversely related  in a depth-dependent 
fashion.
R ecent investigations have dem onstrated  th a t  p roduction by organism s 
in pelagic and  benthic com m unities m ay be linked. H all e t al. (1970) m easur­
ed zooplankton and  benthos production  in a series of shallow ponds under 
various conditions of n u trien t enrichm ent and  fish predation. W hile biomass 
and  production  varied  w ith trea tm en t, the  ra tio  of zooplankton : benthos 
production rem ained close to  u n ity  over a th ree-year period. Rowe (1971) 
quantified the  decrease in benthic biomass w ith increasing dep th  in various 
oceanic areas and  concluded th a t, while dep th  was of p redom inant im por­
tance, differences in anim al biomass were also d irectly  re la ted  to  differences 
in phy top lank ton  p rim ary  production. Jónasson  (1972) also observed the  
im portance of products of prim ary  production for the  grow th of Chironomus 
in L ake Esrom  profundal sedim ents. Biomass increm ents were greatest 
during periods of spring and  au tu m n  overtu rn , presum ably due to  m ixing 
and  th e  supply of freshly produced organic m a tte r from  surface waters.
A different approach which also allows production processes in surface 
w aters to  be re la ted  to  energy inpu t to  sedim ent com m unities is dem onstrat-
* Bedford Institu te o f  Oceanography Contribution.
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ed by Ohle’s (1956, 1962) com parison of p rim ary  production and  sedim en­
ta tio n  in some N orth  Germ an lakes. M ineralization was greatest in surface 
layers, an observation supported  by L aw acz’s (1969) m easures of energy 
and  organic con ten t of sedim enting m aterial in L ake M ikolajki. Ohle (1956) 
also suggested, however, th a t  th e  efficiency of m ineralization was directly  
re la ted  to  m ean d ep th  (surface area : volume) in different lakes and  th a t 
residual organic m a tte r  in sedim ents m ay be proportional to  a m easure of 
ecosystem  productiv ity , ‘to ta l po ten tia l energy of a lake’, expressed on a 
volum e basis.
Few  a ttem p ts  have been m ade to  use chemical m easures in sedim ents 
as indices of aquatic  ecosystem  p roduc tiv ity  (Hayes 1964, R y b ak  1969). 
C oncentrations of to ta l organic m a tte r and organic carbon and nitrogen a t 
th e  sedim ent surface have been shown to  change seasonally as a resu lt of 
sed im entation (K leerekoper 1953, R ybak  1969) b u t no qu an tita tiv e  re la ­
tions betw een standing m easures and  ra tes of flux of such organic m aterials 
across a sedim ent interface have been established. The presen t s tudy  
com pares sedim entation, organic carbon supply, m ixing dep th  and surface 
sedim ent organic con ten t in different aquatic  ecosystems. The com parisons 
quan tify  the  im portance of w ater column m ixing dep th  in determ ining the 
proportion  of carbon supply which reaches th e  bo ttom  in certain  aquatic 
ecosystem s and  th ey  dem onstrate  th a t  surface sedim ent organic m atte r 
in these areas depends in p a r t on th e  ra te  of supply of organic m aterial 
th rough  sedim entation.
METHODS 
Carbon supply
P rim ary  production by phy top lank ton , and  in some cases by litto ra l m acro­
p h y te  com m unities, is the  m ajor carbon source in all areas considered here. 
C alculated to ta l annual carbon supply also includes estim ates of allochthon­
ous organic m a tte r  or sewage in p u t where these additions occur. B o th  
ligh t-dark  bo ttle  oxygen and  14C techniques have been used to  m easure 
net phy top lank ton  photosynthesis in various areas. M acrophyte production 
has been m easured in sim ilar ways or by  various harvesting m ethods. 
No a ttem p t has been m ade to  discrim inate betw een these m easures on the  
basis of technique, although it  is realized th a t estim ates of p roduction m ay 
be different when determ ined by a lte rn a te  m ethods. Comparisons of carbon 
supply in different areas can be made, however, if errors in individual 
estim ates are sm all re la tive to  the  range of m easurem ents com pared. 
Values for annual carbon supply range from  50 to  800 g C m ~ 2 for areas 
com pared here and  thus errors in individual estim ates will p robably  no t 
a lte r any  general conclusions.
Sedimentation
Com parison of sedim entation ra tes estim ated  in different areas is also diffi­
cult. Johnson  and  B rinkhurst (1971) showed th a t  variously shaped collect­
ing vessels catch  different am ounts of sedim ent; th e ir d a ta  indicate an  in ­
verse relation between trap  d iam eter and  sedim entation ra te . W hen trap s
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with large tu b e  openings or funnels are used turbulence m ay resu lt in resus­
pension and  thus low sedim entation ra tes are calculated. B o ttom  m aterial 
resuspended during periods of w ater colum n turbulences will also be m easured 
as sedim entation, bu t th is does no t represen t a new source of organic m ate ­
rial for th e  sedim ent surface. Also, no m a tte r w hat th e  shape of th e  collect­
ing vessel, bo th  horizontally  and  vertically  moving partic les are trapped . 
Comparison is justified, however, on a relative basis if it is assum ed th a t 
m aterial caught in sedim ent trap s  is po ten tially  available to  sedim ents 
a t th e  sam pling depth . Sedim entation is expressed as organic carbon 
which is assum ed to  be 50 per cent of the  organic weight of sedim enting 
m ateria l if d irect m easures were no t made.
Sediment organic matter
In  all studies sum m arized here m easures of sedim ent organic m a tte r  have 
been determ ined either by  loss in weight on ashing a t  550 °C for 1 to  3 
hours, or by direct analysis of carbon using an elem ental analyser and  con­
version to  organic weight by a  factor of 0.50. Ashing procedures m ay 
dehydrate  clays and  in some studies (W etzel e t al. 1972) th is  was corrected 
by  trea tin g  ashed sedim ent w ith distilled w ater and redrying before d e te r­
m ination of ash-free d ry  weight.
R ESU LTS
A step-wise m ultiple linear regression was used to  exam ine th e  d a ta  in 
Table 1 and  to  quan tify  correlations between to ta l dep th , m ixed-layer 
depth , carbon supply and  sedim entation (Table 2). Carbon supply was 
directly  re la ted  to  sedim entation and  accounted for 55 per cent of the  
variance while m ixed-layer dep th  was inversely re la ted  and  accounted for 
an  additional 24 per cent of the variance. Sedim entation was no t significantly 
re la ted  to  to ta l w ater colum n depth . Logarithm ic transform ation  of variables 
increased th e  am ount of variance a ttrib u tab le  to  m ixed-layer d ep th  to  38 
per cent in which case 93 per cent of the  variance (to tal m r2) in sedi­
m entation  was accounted for by differences in carbon supply and  m ixing 
depth .
Since logarithm ic transform ations only slightly  a ltered  th e  regression 
calculations, linear relations betw een the  variables m ay be assum ed and  
sedim entation can be d irectly  re la ted  to  carbon supply and  inversely re la ted  
to  m ixed-layer depth . The inverse relation w ith m ixing dep th  is clearly 
dem onstra ted  when sedim entation is expressed as a percentage o f supply 
(Fig. 1). This com parison standard izes different ra tes of sedim entation in 
various areas by correcting for differences in carbon supply. Also, since 
bo th  m ixed-layer dep th  and  carbon supply are independently  re la ted  to  
sedim entation, th e  ra tio  of carbon supply : m ixed-layer dep th  can be used 
to  com pare sedim entation d irectly  to  supply and  inversely to  m ixed-layer 
dep th  on a single graph (Fig. 2). A linear regression provided th e  best fit 
to  the  data .
Several studies of sedim entation have included m easurem ents o f organic 
m a tte r  in bo ttom  sedim ents a t  dep ths corresponding to  sedim ent trap
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collections (Table 3). Surface sedim ent organic conten t is linearly re la ted  
to  th e  logarithm  of annual sedim entation in these different areas (Fig. 3).
I f  turbulence does no t add  or remove significant am ounts of m aterial 
re la tive to  th a t  sedim enting, an  index of m ineralization of sedim ented m ate­
rial m ay be derived by  com paring the  organic conten t of sedim enting sub ­
stances w ith th a t  found a t the  sedim ent surface. The sm allest changes in
Fig. 1. Comparison o f  annual estim ates 
o f organic carbon sedim entation, ex ­
pressed as a percentage o f  supply, and 
m ixed-layer (thermocline) depth dur­
ing stratification. D ata taken from  
various areas sum marized in Table 1
mixed-layer d ep th  (m)
Fig. 2. Organic carbon sedi­
m entation expressed as a linear 
function o f the ratio o f  carbon 
supply : m ixed-layer depth. 
D ata from different areas taken  
from Table 1
F ig. 3. Comparison o f  the logarithm o f annual organic carbon sedim entation and average 
per cent organic m atter in surface sedim ent at the collection depth. D ata taken from  
various areas summarized in Table 3
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TABLE 1
C omparison o f annual estimates of carbon supp ly  and sedim entation in  various areas 
w ith different total and m ixed-layer depths
Location
Depth (m) g Cm -2 yr-l
P er cent supply 
sedim ented
Total Mixed-layer Supply Sedim enta­
tion
1. St. Margaret’s Bay 65 ! 20 792a 153b 19
2. Lake Mikoiajki 24 10 730c 262d 36
3. Departure Bay 30 7 300e 225e 75
4. Bedford Basin 60 15 280f 87 31
5. Lake Esrom 18 10 1916 92b 48
6. Lake Biwa 50 25 99' 3' 3
7. Lawrence Lake 12 5 48i 221 46
8. Loch Ewe 25 10 90k 30k 33
R eferences  a n d  co m m en ts:
a P la tt  (1971a), M ann (1972), to ta l supply taken as sum of phytoplankton and litto ra l seaweed production. 
b M. Paranjape (Unpublished). 
c K ajak  e t al. (1972). 
d Lawacz (1969).
e Stephens e t al. (1967), assumes 100 g C m—2 уг—1 allochthonous input.
f P la tt and Irw in  (19716), estim ated sewage inpu t added to m easured prim ary production (230 g C m—2 yr—J). 
g Jónasson (1972). 
h E. Hansen (Unpublished), 
j Toyoda e t al. (1968), assumed C : N =  42 : 7.
J Wetzel e t al. (1972), measured carbon supply taken from pelagic carbon budget om itting resuspension 
and estim ates of bacterial chemosynthesis and  heterotrophy. 
k Steele and Baird (1972).
TABLE 2
Results of a step-wise m ultip le linear regression of data in  Table 1. A n n u a l carbon supp ly  
( Х г) and m ixed-layer (therm ocline) depth (X 2) compared with annual sedim entation (Y )
Correlation m atrix
•X, Y
1 0 .1 5 5 0 .7 4 2
x s 0 .1 5 5 1 —  0 .3 3 6
Y 0 .7 4 2 —  0 .3 3 6 1
Ite ra tion  no. Slope coefficient S.D. T-ratio m r2
1 constant 1 2 0 .6
2 constant 3 5 .2
0 .2 4 5 0 .0 9 9 2 .4 7 0 .5 5
3 constant 1 0 8 .9
0 .2 6 8 0 .0 8 2 3 .2 7
x 2 - 6 . 2 4 3 .3 5 - 1 . 8 6 0 .7 9
sedim ent organic con ten t occur in the  two areas (Lake W inderm ere and 
Big Bay) w ith th e  highest sedim entation ra tes where te rrestria l debris 
accounts for a large fraction of the  organic inpu t (Table 3). I f  these areas 
are excluded, there is a tren d  tow ards decreasing loss of organic m atte r
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TABLE 3
Com parison of annua l estimates of sedim entation and  surface sediment organic content
in  various areas
Sedimenting m aterial
Surface sedim ent P er cent organic
Location*
Collection 
depth (m)
P er cent 
organic 
m a tte r
g c m ~ 2y r -1 per cent organic 
m a tte r
m a tte r lost after 
sedim entation
1. Bedford Basin 60 15.4 87 9.8 5.6
2. St. Margaret’s Bay 65 18.3 153 11.4 6.9
3. Lake Mikolajki 24 40.0 262 21.5 18.5
4. Lake Ontario 30 32.0 38 3.5 28.5
5. Bay of Quinte 
a) Conway 35 26.0 66 16.0 10.0
b) Glenora 20 28.0 77 16.0 12.0
c) Big Bay 4 34.0 348 28.0 6.0
6. Lake Windermere (N) 60 30.0 688 27.0 3.0
7. Lawrence Lake 11 20.0 22 9.5 10.3
* R e fe re n c e s  a n d  c o m m e n ts :
1 ,2  — results from unpublished studies in progress.
3 — Lawacz (1969) and R ybak (1969).
4, 5 — Johnson and B rinkhurst (1971).
6 — T utin  (1955) measured sedim entation as 2.6 mm per yr. Specific gravity  assumed as 1.8 in calculating
to ta l weight sedimented.
7 — Wetzel e t al. (1972).
afte r sedim entation with increasing depth . Thus, where sedim ents origi­
n ate  largely from  products of au tochthonous prim ary  production, the  
g reatest changes in organic conten t afte r sedim entation occur in shallow 
water.
DISCUSSIO N
I t  has been 17 years since Ohle (1956) dem onstrated  th a t production and  
decom position processes in euphotic surface w aters m ay be closely linked 
with only a sm all fraction of the  carbon supply ac tua lly  sedim enting. H is 
suggestion th a t  th e  am ount of organic m aterial incorporated in to  sedim ents 
is inversely re la ted  to  d ep th  and d irectly  proportional to  organic carbon 
concentration in overlying w ater has never been exam ined. Thom as (1955) 
did not m easure production in his stu d y  of an  oligotrophic and  tw o eutrophic 
G erm an lakes which were characterized on th e  basis of th e ir n u trien t and 
oxygen levels. H e suggested, however, th a t  since sedim entation was greater 
in th e  euphotic lakes th is could be used as an  index of production. Since 
these early  studies there have been num erous investigations of production, 
sedim entation and  decom position a t  sedim ent surfaces, bu t except for the  
recen t stu d y  by W etzel e t al. (1972), i t  has no t been possible to  com pare 
all th ree processes in one area.
The im portance of m orphom etry, usually  expressed as m ean depth  
(volume : surface area), in determ ining the  relative im portance of pelagic 
and  benthic com m unities in lakes has long been known (Thienem ann 1927; 
Raw son 1961). There is no com parable m easure to  m ean dep th  in m arine 
areas since, except for enclosed bays, surface area is no t restric ted . However,
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there  is generally a  positive correlation between w ater body size (surface 
area) and  bo th  to ta l and  m ixed-layer depth . Thus, m ixing depth , m easured 
as therm ocline d ep th  during stratification, m ay be roughly com parable to  
estim ates of m ean depth .
The inverse relation betw een sedim entation and  mixing dep th  (Fig. 1) 
m ay in p a r t  reflect w ind-induced circulation which resuspends bottom  
sedim ents. Gorham  (1958) suggested th a t tu rb u len t displacem ent determ ined 
the  thickness of oxidized surface lake m uds and  Davis (1973) has observed 
resuspension of 6-12 mm of sedim ent in litto ra l areas of a dim ictic lake. 
Such m ixing m ay occur only a t  lake overtu rn  or, as in L ake Suwa, it  m ay 
occur th roughou t th e  year and  resu lt in a d irect correlation between wind 
velocity and  sedim entation (Koidsumi and  Sakurai 1968). L ark in  (1964) 
has also no ted  th a t  as lake size increases, th e  proportion of area occupied 
by the  litto ra l zone decreases. Thus, possible resuspension of m aterial from  
these areas, as well as th e  addition  of allochthonous m a tte r from  shores, 
m ay decrease in im portance as a  source of sedim enting m ateria l as w ater 
body size and  mixing d ep th  increase.
Carbon supply and  sedim entation in various areas are d irectly  re la ted  
(r — 0.74) although because of th e  lim ited d a ta  th e  regression is no t signif­
icant (p  <  0.05, Table 2). The unusually  high proportion of carbon supply 
sedim ented in D epartu re  B ay m ay reflect th e  im portance of terrestria l 
runoff in th is  area. O ne-third of th e  to ta l carbon inpu t occurs between 
October and  Decem ber when runoff is m axim um . The high inorganic conten t 
an d  a  C : N  ra tio  of 10 : 1 indicate an  allochthonous supply  and  profiles o f 
suspended m aterial during th is  period show rap id  deposition (Stephens 
e t al. 1967). P roducts of phytogenous origin do not sedim ent as rapidly, 
however, and  there m ay be considerable delay  between peaks in prim ary  
production  and  sedim entation.
No constan t relationship between tim ing of peak  periods of supply an d  
sedim entation appears to  exist for various areas considered here. In  some 
cases, such as D epartu re  B ay, there is a tw o-m onth lag betw een th e  spring 
phy top lank ton  bloom and  increased p h y to d etritu s  in sedim ents. In  L ake 
M ikolajki, on th e  o ther hand, while m axim um  prim ary  production occurs 
during A ugust, th e  g reatest energy in p u t to  sedim ents occurs during M ay 
an d  N ovem ber (K ajak  e t al. 1972, R y b ak  1969). Some factors which would 
delay  sedim entation have been discussed by  Stephens e t al. (1967) and  
am ong these th e  s tab ility  of the  w ater column, w ith associated changes in 
vertical m ixing rates, would appear to  be m ost im portan t.
The re lation between th e  ra tio  o f carbon supply : m ixed-layer depth  and 
sed im entation (Fig. 2) supports m y previous observation (H argrave 1973) 
th a t  th is  ra tio  m ay serve to  index the  in p u t of organic m aterial to  bottom  
com m unities. The relationship appears to  adequately  describe d a ta  from  
bo th  freshw ater and  m arine areas. The shape o f th e  curve, however, m ay 
largely depend on the  source o f the  d a ta . D a ta  from  oceanic areas are lacking 
for th e  com parison b u t low annual ra tes of prim ary  production (50 to  100 g 
C m -2 y r-1) w ith g reat m ixed-layer depths (25 to  100 m) will produce ra tio s  
which would cluster near th e  origin of Fig. 2. More d a ta  are needed from  
shallowly m ixed areas w ith high levels of carbon supply. This would allow 
th e  predictive n a tu re  of the  relationship to  be determ ined for high levels 
of sedim entation.
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Ohle’s (1956) suggestion th a t  residual organic m a tte r in sedim ents m ay 
be used as a m easure of w ater body productiv ity  is supported  by  the  re la­
tionship  between sedim entation and  surface sedim ent organic m a tte r (Fig. 
3). In te rp re ta tio n  of the  com parison is m ade difficult, however, by large 
seasonal and  spatia l difference which m ay occur in surface sedim ent organic 
con ten t (R ybak 1969, W etzel e t al. 1972, H argrave, unpublished data). 
In  m any of th e  areas sum m arized in Table 3, the  greatest discontinuities 
in sedim ent organic m a tte r occur a t  dep ths which correspond to  the  ex ten t 
of m ixing during stratification. P resum ably  w ater turbulence in shallow 
litto ra l areas resuspends sedim ent m ateria l which slowly accum ulates in 
deeper w ater where less physical tran sp o rt occurs (see W etzel e t al. 1972).
I f  processes of sedim ent re-d istribu tion  are common, com parison of 
organic m atte r in sedim enting m aterial w ith th a t found a t a sedim ent surface 
m ust be m ade cautiously. The problem  is avoided to  some ex ten t by com ­
paring  these m easures in different areas and  by assum ing th a t  m aterial 
caught in sedim ent trap s reflects what is po ten tially  available to  sedim ents 
a t  the  collection depth . There is also difficulty in  applying these considera­
tions to  acidic oligotrophic w aters where hum ic substances produce sedi­
m ents with high organic conten t which decompose slowly. Sedim entation 
in these areas m ay be low an d  yet sedim ent organic m atte r m ay be very 
high, indicative o f slow ra tes of oxidation.
Small changes in organic conten t a fte r sedim entation in Big B ay  and  
L ake W inderm ere support the  au th o rs’ suggestion th a t  sedim enting m aterial 
is derived, a t  least in p a rt, from terrestria l sources. Decom position of such 
organic m ateria l m ust be very  slow and  little  affected by residence tim e 
as indexed by w ater colum n dep th  through which sedim entation occurs. 
Sedim ents in o ther areas sum m arized in Table 3, however, derive largely 
from  products of phy top lank ton  or m acrophyte production. Decom position 
of these more readily  oxidized com pounds m ay be re la ted  to  the  duration  
of sedim entation which in tu rn , for a stratified  w ater column, would be a 
d irect function of depth . A detailed  stu d y  to  com pare ra tes of vertical eddy 
diffusion, sedim entation and  decom position of sedim ent trap p ed  a t  various 
dep ths would quan tify  these relationships.
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T H IR T Y -Y E A R  R E SE A R C H  (1943-1973) ON T H E  LIM NOLOGY 
OF L A K E  SZE L ÍD  (SZ E L ÍD Í TŐ)
by
E .  D o n á s z y
FISH  CULTURE RESEARCH IN ST IT U T E, SZARVAS, HUNGARY
L ake Szelíd is today  one of the  m ost im p o rtan t and  m ost frequen tly  visited 
southern  holiday resort centres, lying in the  D anube valley near D unapata j 
(about 110 km  from  B udapest) (L uther and  R zóska 1971).
The results of all limnological research up  to  1957 were published under 
th e  auspices of the  H ungarian  Academ y o f Sciences in 1959 (Donászy, Ed. 
1959). From  1972 u n til the  present tim e th is  area has been increasingly 
developing in the  fields o f agriculture, industry  and  culture.
This paper sum m arizes a  num ber of results on the  lake sedim ent research 
and  a ttem p ts  to  answer some of the  questions arising in connection w ith 
th e  problem s of chemical budget. These problem s have already been dis­
cussed, for exam ple, by  th e  W orking Group Chemical B udget on th e  IB P / 
UNESCO Symposium  held in R eading  in 1972.
INTRO DUCTIO N
In  the final phase of the  IB P /P F  it was necessary to  devote more a tte n ­
tion  to  some of the  special problem s concerning shallow freshw ater ecosys­
tem s. P rio r to  the  R eading Sym posium  and  th e  Lunz M eeting, and  also at 
th e  R eading Symposium , p lenary  sessions were specially arranged  due to  
these problem s peculiar to  shallow lakes. I t  is hoped th a t  the  Symposium  
a t  T ihany  m ay have con tribu ted  to  the  understand ing  of these shallow 
freshw ater ecosystems (in addition  to  o ther questions).
In  view of th is it seemed m ost w orth  while to  choose th e  L ake Szelíd eco­
system  as a  no tew orthy  exam ple of shallow Pannonian  lakes and  to  select 
the  d a ta  o f th ir ty  years of research as a m eans of illustra ting  exam ples of 
some of the  problem s of these ecosystems.
This contribution has been based on d a ta  ob tained  from  th e  D epartm ent 
o f H ydrobiology, F reshw ater L aborato ry  o f th e  N ational In s titu te  for 
A gricultural Q uality  Testing, B udapest (Collaborators: B. Veszprémi, Mrs. 
I. F áb ry  an d  A. Gyánó).
BOTTOM SURFACE SEDIM EN T R ESE A R C H  IN  1968
In  this paper only th e  results of the  first research on 14th Septem ber, 
1968 will be sum m arized (Fig. 1). B ottom  sedim ent sam ples were tak en  in 
six areas of the  lake, th ree  sam ples in each : tw o were tak en  near th e  shore 
an d  th e  th ird  in th e  middle of the  lake. In  each area w ater sam ples were
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taken , too: one from  th e  m iddle of th e  lake from  the  surface layer, th e  second 
ju s t off th e  bo ttom , above th e  position where th e  sedim ent sam ples were 
taken .
In  each case th e  sedim ent sam ple was black. The sam ples were subse­
quen tly  dried and  homogenized. Aqueous ex trac ts  were prepared  using dis­
tilled  w ater in a ra tio  of 1 : 10, according to  norm al practice in soil analysis. 
The resu lts of the  analysis are contained in Tables 1-6.
Fig. 1. Map o f Lake Szelid. —► catchm ent area; <=> inflow; ► outflow. Areas No. 1 to 6 
hav e been researched. Full circles: No. o f sedim ent sample; em pty circles: N o. o f water
sample
The types of sedim ents were as follows:
Type 1. Taken from  dep ths of 120, 160 cm a t th e  SW area of th e  lake. 
N a tu re  of sedim ent : g y ttja . Colour of aqueous ex tracts: brownish (odourless).
Type 2. Collected from  depths of 150, 250, 280 cm. N atu re  of th e  sedi­
m ent : sand and  g y ttja . Colour of th e  aqueous ex trac ts: yellow (odourless). 
All sam ples taken  in th e  m iddle of th e  lake in areas No. 3 and  4, and  near 
the  shore in  area No. 4 (depth  150 cm).
Type 3. T aken from dep ths of 30-40 cm, near the  N and  S shore line. 
N a tu re  of sedim ent : sand. Colour of th e  aqueous ex tracts: yellowish. All 
sam ples in areas No. 2, 3 and  4 tak en  near th e  shore.
Type 4. T aken only in th e  N E  area of th e  lake (No. 6) from  depths of 80, 
150 and  200 cm. N atu re  of sedim ent: g y ttja . Colour of the  aqueous extracts: 
brow nish-red (odour of hydrogen sulphide and  am m onia). B y shaking 
strong effervescence occurs.
The deepest sam ples were tak en  from  350 cm in area No. 2. The n a tu re  of 
th e  sedim ent was g y ttja , th e  colour of the  aqueous ex trac ts  being brownish.
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TARLE 1
A rea N o. î  ( S W  end of Lake S ze líd ). Chemical analysis of lake sediment and water
sam ples
(14th September, 1968, see Fig. 1)
Lake sedim ent, aqueous extracts W ater samples
1 j 2 3 4 j 5
Nature of sediment gyttja gyttja gyttja — —
Depth in cm 120 120 160 120 surface
Colour of aqueous brownish brownish brownish — —
extracts
Major elements, 
mEq/1
Ca2 + 0.24 0.24 0.89 0.55 0.80
Mg2 + 2.96 1.36 2.31 5.50 5.25
Hcj 4- 0.06 0.02 0.23 0.00 0.00
K + 0.48 0.26 0.42 0.46 0.48
Na + 8.26 9.57 19.57 49.59 51.33
Cl“ 1.00 1.00 13.00 28.00 27.80
HC03- 5.10 8.16 8.16 1 7.95 17.95
о 0 Ы1
4 1 0.00 0.00 0.00 8.56 8.561о*Ul 5.09 1.61 0.84 1.52 3.49
43 о í* w 1 0.06 0.09 0.13 0.01 0.01
sió2- 0.75 0.59 1.29 0.06 0.05
Sum of ions, mEq/1 24.00 22.90 46.84 112.20 115.72
Conductivity, yS 1,320 1,520 2,560 6,640 6,520
pH 7.37 7.35 7.45 8.65 8.70
NH+, mg/1 7.210 7.620 7.666 0.291 0.291
(free NH3, pH), /tg/1 (86) (91) (107) (45) (48)
NOj, mg/1 3.532 3.532 5.176 0.329 0.415
NOj, mg/1 0.990 0.990 1.910 0.035 0.052
NH 4 N, f i g ß 5,624 5,944 5,975 227 227
NO3- N ,  /tg/1 812 812 1,191 76 95
N 0 2 N, /4g/l 297 297 573 10 16
Sum of anorg. N, pg/l 6.733 7,053 7,739 313 338
P 0 4, mg/1 2.5 3.0 4.0 0.4 0.3
P 0 4- P, figß 817 979 1,305 132 99
S i03, mg/1 28.6 19.0 49.2 2.3 1.9
S i02 —Si, mg/1 10.7 7.0 18.1 851 fig 703 fig
C.O.D. (KMnOj in 
0 2), mg/1 149.44 152.95 355.13 27.70 30.34
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TABLE 2
Area No. 2 in  Lake Szelíd. Chemical analysis of lake sediment and water samples
(14th September, 1968; see Fig. 1)
Lake sediment, aqueous extracts Water samples
1 2 3 4 5
Nature of sediment sand gyttja sand — —
Depth in cm 40 350 30 350 surface
Colour of aqueous 
extracts
yellowish brownish yellowish — —
Major elements, 
mEq/1
Ca2 + 0.24 0.32 0.32 0.80 0.80
Mg2 + 0.88 2.08 0.56 4.79 4.79
Fe2 + 0.00 0.00 0.00 0.00 0.00
K + 0.06 0.31 0.41 0.49 0.49
Na + 3.93 21.31 3.00 52.20 51.33
er 0.22 13.20 1.50 27.80 27.60
HCO3 1.84 9.18 1.22 18.15 18.35
cor 0.00 0.00 0.00 8.97 8.97
sor 2.72 0.77 1.42 3.29 2.42
р о г 0.05 0.14 0.05 0.01 0.01
1ямО0Q 0.30 0.83 0.10 0.06 0.06
Sum of ions, mEq/1 10.26 48.04 8.58 116.56 114.82
Conductivity, 600 2,840 544 6,520 6,520
pH 7.50 7.75 7.64 8.70 8.70
NHJ, mg/1 1.692 13.910 2.646 0.291 0.291
(free NHj, pH), pg/1 (27) (334) (49) (48) (48)
N 0 “ , mg/1 1.240 8.203 1.716 0.415 0.346
NO.T, mg/1 1.053 1.189 0.402 0.051 0.008
NH4 — N, pg/l 1,318 10,842 1,919 227 227
NO3 -N , pg/1 285 1,886 CO ZD 95 80
N 0 2- N ,p g /1 315 357 121 15 2
Sum of anorganic N, 
Pg/l 1,918 13,085 2,436 337 309
P 0 4, mg/1 1.7 4.5 1.7 0.4 0.4
PO, P ./ig /l 555 1,468 555 132 132
S i03, mg/1 11.6 31.7 3.8 2 . 2 2 . 2
S i02 —Si, mg/1 4.4 11.8 1.5 814 pg/l 814 pg/1
C.O.D. (KMn04 in 
0 2), mg/1 77.35 230.31 73.84 28.69 28.51
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TABLE 3
Area No. 3 in  Lake Szelíd. Chemical analysis of lake sediment and water samples
(14th September, 1968; see Fig. 1)
Lake sediment, aqueous extracts Water samples
1 2 3 4 5
Nature of sediment sand sand -f- 
gyttja
sand — —
Depth in cm 30 280 30 280 surface
Colour of aqueous 
extracts
Major elements, 
mEq/1
yellowish yellow yellowish
Ca2 + 0.24 0.89 0.41 0.80 0.80
Mg2 + 0.24 3.11 0.63 4.79 4.79
Fe2 + 0.00 0.00 0.00 0.00 0.00
K + 0.13 0.26 0.13 0.49 0.49
Na + 2.97 5.65 3.10 52.20 52.20
ci- 2.40 0.90 0.57 27.60 27.80
HCO- 0.82 5.10 1.22 18.56 18.96
C02  + 0.00 0.00 0.00 8.16 8.16
SO2- 0.26 3.25 2.36 3.89 3.29оРч 0.02 0.16 0.02 0.01 0.01
8 i0 | - 0.08 0.50 0.10 0.06 0.06
Sum of ions, mEq/1 7.16 19.82 8.54 116.56 116.56
Conductivity, fiS 360 1,240 688 6,520 6,520
pH 7.05 7.10 7.40 8.65 8.70
NH +,m g/l 1.306 12.860 1.529 0.291 0.291
(free NTH,, pH), pg/1 (13) (129) (20) (45) (48)
N 0 3- , mg/1 0.981 3.299 0.678 0.346 0.389
N O j, mg/1 0.402 0.778 0.226 0.028 0.020
NHt - N ,  pg/1 1,022 9,594 1,193 227 227
N 03- N ,  pg/1 226 759 156 80 89
NO, —N, fig/l 121 233 68 8 6
Sum of anorganic N,
pg/i 1,369 10,586 1.417 315 322
P 0 4, mg/1 0.8 5.0 0.6 0.4 0.3
P 0 4- P ,  pg/1 261 1,632 196 132 99
S i03, mg/1 3.2 19.0 3.7 2.2 2.2
S i02 —Si, mg/1 
C.O.D. (KMn04 in
0.8 7.0 1.4 00 814 pg
Oa), mg/1 63.29 156.47 107.24 28.35 28.69
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TABLE 4
Area No. 4 of Lake Szelíd. Chemical analysis of lake sediment and water samples
(14th September, 1968; see Fig. 1)
Lake sediment, aqueous extracts Water samples
1 2 3 4 5
Nature of sediment sand
1
sand -|- gyttja — —
Depth in cm 30 250 150 250 surface
Colour of aqueous 
extract yellowish yellow yellowish — —
Major elements, 
mEq/1
Ca2 + 0.16 0.50 0.14 0.55 0.80
Mg=+ 0.56 0.94 0.87 5.04 4.79
Fe2 + 0.00 0.02 0.05 0.00 0.00
K + 0.13 0.26 0.13 0.49 0.46
Na + 1.88 3.27 4.18 51.33 52.20
CD 1.18 0.42 1.94 27.80 27.80
HCO- 1.12 1.63 1.43 17.95 17.95
1оо 0.00 0.00 0.00 8.56 8.56
s o r 0.08 2.75 2.07 3.01 3.88
р о г 0.03 0.02 0.03 0.01 0.01
SiO§- 0.32 0.17 0.17 0.08 0.05
Sum of ions, mEq/1 ' 5.46 9.98 11.28 114.82 116.50
Conductivity, yS 440 784 920 6,520 6,520
pH 7.57 7.03 7.61 8.70 8.75
NH +, mg/1 1.245 1.286 1.854 0.291 0.291
(free NH3, pH), yg/] (22) (13) (35) (48) (52)
N 0 3- 1.197 0.981 0.332 0.346 0.389
N O , 1.358 0.255 0.304 0.017 0.017
NH, -N , y g ß 967 1,006 1,443 227 227
NHj — N, yg / l 276 226 76 80 89
N 0 2 N, yg/l 408 76 91 5 5
Sum of anorganic N, 
|Ug/1 1,651 1,308 1,610 312 321
P()4, mg/1 0.9 0.6 1.0 0.3 0.3
P 0 4-P ,^ g /1 294 196 326 99 99
S i03, mg/1 12.4 6.7 6.3 3.0 1.9
S i02 — Si, mg/1 4.6 2.5 2.3 1.111 0.703
C.O.D. (KMn04 in 
O,), mg/1 175.81 172.29 184.60 28.85 28.85
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TABLE 5
Area No. 5 of Lake Szelíd. Chemical analysis of lake sediment and water samples
(14th September, 1968; see Fig. 1)
Lake sediment, aqueous extracts Water samples
1 2 3 4 5
Nature of sediment sand
1
sand -J- gyttja — —
Depth in cm 40 280 150 280 surface
Colour of aqueous 
extracts yellowish yellow yellowish - —
Major elements, 
mEq/1
Ca2 + 0.16 1.02 0.62 0.80 0.80
Mg2 + 0.48 1.70 2.58 4.79 4.79
Fe2 + 0.02 0.02 0.00 0.00 0.00
K + 0.13 0.13 0.26 0.49 0.46
Na + 4.18 5.18 6.61 49.59 51.33
c i- 1.60 2.52 0.80 27.00 27.80
HOC)' 2.75 2.04 4.08 17.95 18.35
c o r 0.00 0.00 0.00 8.16 8.16
SO2- 0.21 3.43 4.55 2.49 3.01
PO3- 0.09 0.03 0.14 0.01 0.01
SiOJ- 0.32 0.15 0.50 0.06 0.05
Sum of ions, mEq/1 9.94 16.34 20.14 111.34 114.76
Conductivity, fiS 648 1,240 1,360 6,520 6,520
pH 8.55 7.36 7.70 8.70 8.70
NH+, mg/1 1.493 3.804 4.410 0.291 0.291
(free NH3, pH), figß (179) (46) (97) (48) (48)
N 0 - ,  mg/1 1.586 1.586 2.105 0.389 0.389
NO -^, mg/1 1.288 0.340 0.806 0.011 0.011
S H , - N , W /1 1,162 2,964 3,440 227 227
N 0 3- N ,  jUg/1 366 366 485 89 89
NO, — N, ygß 612 102 242 3 3
Sum of anorganic N,
z«/1 2,140 3,432 4,167 319 319
P 0 4, mg/1 3.00 1.00 4.5 0.4 0.3
P 04 P, ygß 979 326 1,468 132 99
Si03, mg/1 12.1 5.7 19.0 2.2 1.9
Si02 Si, ygß 4,500 2,100 7,000 814 703
C.O.D. (KMnOj in 
O,), mg/1 158.23 161.74 114.27 28.85 28.19
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TABLE 6
Area No. 6 ( N E )  of Lake Szelíd. Chemical analysis of lake sediment and water samples
(14th September, 1968; see Fig. 1)
Lake sediment, aqueous extracts Water samples
1 2 3 4 5
Nature of sediment gyttja gyttja gyttja — —
Depth in cm 80 150 200 150 —
Colour of aqueous 
extracts
Odour and by shaking strong 
effervescence
red-brown red-brown red-brown - —
Major elements, 
mEq/1
Ca2 + 0.24 0.32 0.24 0.80 0.80
Mg2 + 2.96 4.48 4.56 4.79 4.79
Fe2 + 0.15 0.06 0.06 0.00 0.00
K + 0.36 0.36 0.31 0.49 0.46
Na + 13.70 15.31 15.23 51.33 51.33
Cl- 9.60 9.80 9.80 27.80 27.80
HC03- 6.12 9.18 9.18 18.35 18.35
100
0.00 0.00 0.00 8.16 8.16
SOj- 0.56 0.33 0.34 3.03 2.99
PO2- 0.13 0.09 0.08 0.01 0.01
1cifo0 1.00 1.13 1.00 0.06 0.07
Sum of ions, mEq/I 34.82 41.06 40.80 114.82 114.76
Conductivity, 2,400 2,520 2,480 6,480 6,480
pH 8.00 8.10 8.10 8.70 8.70
NH +, mg/1 9.400 10.620 9.040 0.291 0.291
(free NHj, pH), fig/l (376) (531) (452) (48) (48)
N 03-,m g/l 3.332 4.830 3.792 0.476 0.294
N0 S- ,  mg/1 1.189 1.189 0.141 0.011 0.017
NH4—N, figß 7,332 8,268 7,051 227 227
N0 3- N ,  pg/l 765 1,111 872 109 68
N 02- N ,  /tg/1 357 357 042 3 5
Sum of anorganic N,
,ug/l 8,454 9,736 8,965 399 300
P04, mg/1 4.0 3.0 2.5 0.4 0.4
po 4- p , /mil 1,305 979 917 132 132
Si03, mg/1 38.1 42.9 38.1 2.4 2.5
Si02 - Si, mg/1 14.1 15.9 14.1 8 88  pg 925 pg
C.O.D. (KMnOjin 
0 2), mg/1 170.53 254.92 242.61 28.69 28.85
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Fig. 2. Nutrient elements of lake sediment and the bottom and surface water of Lake Szelíd (14th September 1968).
For detailed data see Tables 1 to 6
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TABLE 7
Sulphate reduction in  Lake Szelíd. Possible mineralization of the lake sediment
(14th September,
1 2 3 4 5 6 7
S O f- H + Sum kcal s O, H 20
mg mg mg cal mg mg mg
1 3 .8 0 .0 8 3 .8 8 5 .8 1 .2 7 1 .9 0 0 .71
2 1 0 .1 0 .2 1 1 0 .3 1 1 5 .5 3 .3 7 5 .0 5 1 .8 9
3 1 2 .5 0 .2 6 1 2 .7 6 1 9 .1 4 .1 7 6 .2 5 2 .3 4
4 1 5 .8 0 .3 3 1 6 .1 3 2 4 .2 5 .2 7 7 .9 0 2 .9 6
5 1 6 .3 0 .3 4 1 6 .6 4 2 9 .9 5 .4 3 8 .1 5 3 .0 6
6 2 6 .9 0 .5 7 2 7 .4 6 4 1 .2 8 .9 7 1 3 .4 5 5 .0 4
7 3 7 .0 0 .7 8 3 7 .7 8 5 6 .6 1 2 .3 4 1 8 .5 0 6 .9 4
8 4 0 .3 0 .8 5 4 1 .1 5 6 1 .7 1 3 .4 4 2 0 .1 5 7 .5 6
9 6 8 .2 1 .4 3 6 9 .6 3 1 0 4 .4 2 2 .7 4 3 4 .1 0 1 2 .7 9
10 7 7 .3 1 .6 2 7 8 .9 2 1 1 8 .3 2 5 .6 7 3 8 .6 5 1 4 .6 0
11 9 9 .4 2 .0 9 1 0 1 .4 9 1 5 2 .1 3 3 .1 1 4 9 .7 0 1 8 .6 8
12 1 1 3 .3 2 .3 8 1 1 5 .6 8 1 7 3 .3 3 7 .7 8 5 6 .6 5 2 1 .2 5
13 1 3 0 .6 2 .7 9 1 3 3 .3 5 2 0 0 .0 4 3 .5 6 6 5 .3 0 2 4 .4 9
14 1 3 2 .1 2 .7 7 1 3 4 .8 7 2 0 2 .0 4 4 .0 5 6 6 .0 5 2 4 .7 7
1 5 1 5 6 .1 3 .2 8 1 5 9 .3 8 2 3 8 .8 5 2 .0 6 7 8 .0 5 2 9 .2 7
16 1 6 4 .7 3 .4 6 1 6 8 .1 6 2 5 2 .0 5 4 .9 3 8 2 .3 5 3 0 .8 8
17 2 1 8 .5 4 .5 8 2 2 3 .0 8 3 3 4 .4 7 2 .8 1 1 0 9 .3 4 0 .9 7
18 2 4 4 .5 5 .1 3 2 4 9 .6 3 3 7 4 .2 8 1 .5 8 1 2 2 .2 4 5 .8 5
2 4  2  2Y sor +  - 3 - H + ^ T s  +  o2+ T H2o
98 k ca l
6 4 .0 4  +  1 .3 4 4  2 1 .3 7  - f  3 2  +  1 2 .0 1
6 5 .3 8  6 5 .3 8
DISCUSSION OF THE RESULTS
The sedim ent —which is increasing y ea rly —is different in the  N E  region of 
the  lake. I t  is in th is  region th a t  the  inflow of precipitation from th e  ca tch­
m ent area of the  lake occurs. F ish killings occur th roughout the w inter period 
and  a t  th e  end of w inter.
The SW area, th a t  of the  outflow, is of a  com pletely different nature . 
Progressing from  SW to  N E  the  lake becomes deeper. Areas No. 2—4 are 
possibly the  m ost beautifu l as well as the  widest and  deepest. The distance 
from  shore to  shore is a t  the  widest po in t 100-150 m, the  dep th  changing 
from 4 to  5 m.
In  connection w ith the  questions discussed by th e  W orking Group 
Chemical B udget a t  the  IBP/U NESCO Symposium, we m ake the  follow­
ing points:
1. W ith  regard  to  sedim ent being more im portan t in shallow lakes th an  
in deep ones: in shallow lakes such as L ake Szelíd there  is a very  high con­
centration  of n u trien t elem ents in the  sedim ent (C, N, P , S, Si). Thus
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by m icroorganism s, based on data of aqueous extracts of 18 sediment sam ples 
1968; after F ogg 1953)
8 9 10 11 12 13 14 15
Sum s H20 Sum kcal 0 , Sum
mg mg mg mg cal mg mg mg
3.88 3.8 2.14 5.94 7.5 1 4.04 1.90 5.94
10.31 10.1 5.68 15.78 19.9 10.74 5.05 15.79
12.76 12.5 7.03 19.53 24.6 13.26 6.25 19.53
16.13 15.8 8.89 24.69 31.1 16.79 7.90 24.69
16.64 16.3 9.17 25.47 32.1 17.32 8.15 25.47
27.46 26.9 15.13 42.03 52.9 28.58 13.45 42.03
37.78 37.0 20.82 57.82 72.8 39.32 18.50 57.82
41.15 40.3 22.68 62.98 79.3 42.83 20.15 63.98
69.63 68.2 38.38 106.58 134 72.48 34.10 106.58
78.92 77.3 43.50 120.8 152 82.15 38.65 120.80
101.49 99.4 55.94 155.3 196 105.60 49.70 155.30
115.68 113.3 63.75 1 77.0 223 120.25 56.65 177.0
133.35 130.6 73.50 204.1 257 139.0 65.10 204.1
134.87 132.1 74.37 206.5 260 140.5 66.0 206.5
159.38 156.1 87.85 243.6 307 165.6 78.0 243.6
168.10 164.7 92.64 257.4 324 175.1 82.3 257.4
223.08 218.5 122.96 341.5 429 232.4 109.2 341.6
249.60 244.5 137.60 382.1 481 260.0 122.1 382.1
2S +  2H20  2H2S - f  0 2 
126 kcal
64.12 +  36.04 68.16 +  32
100.16 100.16
th e  na tu re  of the sedim ent is no t only more im portan t in shallow lakes th an  
in deep ones, b u t also in the  various areas o f th e  same shallow lake (e.g. 
N E  area, SW area, th e  shore, the  m iddle of the  lake, etc.).
2. The n a tu re  of sedim ent influences the  trophic level of the  lake. Sedim ent 
plays a more im portan t role in th e  highly eutrophic shallow lakes.
3. M ineralization of algae in strongly  eutrophic lakes is caused by bacteria  
(and some o ther microorganisms as, e.g. chem olithotrophic, chem osynthetic 
algae) ra th e r th an  by  the  fauna. L ake Szelíd is also illustra tive of th is aspect. 
The chemical n a tu re  of th e  lake supports more th a n  300 algal species and  the 
lake itself has a high p rim ary  production, bu t th e  re la tively  sm all num ber of 
zooplankton and  fish species does not utilize th e  p h y top lank ton  biomass. 
The fauna utilizes only a  p a r t of algal biomass.
The high values of C.O.D. (in K M n 0 4—0 2), th e  anorganic nitrogen and  
P 0 4 —P, Si0.2—Si, SOf- , and  the  g y ttja  support th is hypothesis (Pig. 2).
4 . The n u trien t tran sp o rt from  th e  hypolim nion tow ards th e  epilimnion 
is no t possible because the  nu trien ts  are im m ediately transported  by b ac te ­
ria  from  th e  bo ttom  into the  lake water. I t  is therefore understandab le why
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Fig. 3. M olybdate reactive silicate (S i0 2-S i) in the water o f Lake Szelid (1968). N os 1-6 =  
Investigated areas. Six sam ples were taken in each area except in March and September 
(only 3 sam ples in area N o. 1 in March). 1. N ear the south shore from the surface layer; 
2. near the south shore from off the bottom ; 3. in the m iddle o f  lake from the surface 
layer; 4. in the m iddle o f lake from bottom  layer; 5. near the north shore from the sur­
face layer; 6 . near the north shore from the bottom  layer. In  Septem ber in each area 
tw o sam ples were taken, one off the bottom , the other from the surface layer
fish perish so rap id ly  in w inter. The su lphate reduction processes—caused by 
microorganisms — produce toxic concentration in th e  lake w ater (Table 7).
5. In  view of our results silicate can be used as a hydrological factor. The 
Si-analysis in 1968 clearly dem onstrated  th a t  up to  Ju n e , th e  concentration 
of S i0 2—Si increased and  from  Septem ber un til the  end of w inter th e  values 
of Si were no t high. There are no significant differences in Si-values in the  
to ta l lake w ater from  bo ttom  to  surface layer a fte r th e  au tum n  tu rnover 
tim e (Fig. 3).
SUMMARY
The sedim ent of Lake Szelid was exam ined in 1968. B ottom  sedim ent sam ­
ples were tak en  from six areas of th e  lake. Aqueous ex tracts  were prepared 
and  analysed. There were four types o f sedim ent, its  n a tu re  being differ­
en t near th e  shore, in th e  N E  and in th e  SW area. The n u trien t elem ents 
are highly concentrated  in the  g y ttja . The n a tu re  of th e  sedim ent influences 
th e  trophic level of th e  lake. M ineralization of algae in L ake Szelid is caused 
by bacteria  ra th e r th an  by the  fauna. The n u trien ts  are im m ediately 
tran sp o rted  by  bac teria  from  the  bo ttom  to  the  water. Silicate can be used 
as a hydrological factor.
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INTRO DUCTIO N
The ex ten t and  consequences of pollution are well exemplified by the  recent 
destruc tion  of fish in th e  lake a t  Palié (Fig. 1). The problem s arose here no t 
only due to  a considerable loss of fish, b u t also to  th e  a rrest of w ater life as 
a resu lt of pollution following th e  form ation of a general cell-, enzyme- and 
nerve-poison, i.e. hydrogen sulphide.
According to  our present knowledge, there  are tw o ways for hydrogen 
sulphide to  a tta in  concentrations le thal to  aquatic  living organism s in  lakes:
1. I t  is liberated  extrem ely  rap id ly  as a resu lt of cooling from  th e  large 
am ount of iron sulphide accum ulated  in th e  reduction zone of th e  m ud. 
W ith th e  cooling-down, th e  oxygen content of th e  w ater increases, and  thus 
the  iron sulphide in th e  surface m ud layer is oxidized to  sulphuric acid. In  
con trast to  carbonic acid, th is  strong m ineral acid is capable of liberating 
hydrogen sulphide from  th e  residual iron sulphide (Vámos 1964, 1968).
2. A nother m eans of a tta in in g  high hydrogen sulphide concentration is 
when there  is no available iron e ither in th e  m ud or the  w ater, and  conse­
quently  hydrogen sulphide cannot be bound as a biologically innocuous iron 
sulphide. In  such a case, a large q u an tity  of m olecular hydrogen sulphide 
accum ulates in th e  m ud.
Fig. 1. Geographical situation o f the lake at Palié
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Fig. 2. The lake at Palié: +  denotes the site 
where the first dead fish were observed
Fig. 3. W ind-collected dead fish on the northern bank o f the lake
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FISH DESTRUCTION IN 1971
Of th e  above cases it was th is la tte r  which happened in the  case of the  lake 
a t  Palié, when the  hydrogen sulphide, form ed as a resu lt of intensive sul­
ph ate  reduction, led to  th e  destruction  of fish and  aquatic  p lan ts  in th e  entire 
lake. The dea th  of the  fish began on May 7th, 1971, a t  the  western edge of 
th e  lake, th e  process spreading over 
the  en tire  lake (Fig. 2).
In itially , only a  few dead fish 
were observed on the  w ater surface, 
th e  wind and  the  m ovem ent of the 
w ater driving some of these to  the  
northern  banks (Fig. 3).
The area of th e  lake is 560 hec­
tares, and th e  chemical p ro tection of 
such a  large region cannot be real­
ized. The only possibility was the 
rap id  rem oval of th e  still living fish.
In  th is way a considerable num ber 
o f fish could be saved, though sever­
al hundred  quintals were lost.
To elucidate th e  cause of fish 
destruction , or more precisely, the  
process giving rise to  this, was 
greatly  facilitated  by  th e  fact th a t  
system atic investigations had  been 
conducted to  discover th e  m icrobio­
logical processes of the  lake in the 
preceding years. These investigations 
and  th e  consideration of our earlier 
experiences, together w ith  exam i­
nations m ade a t th e  tim e of th e  fish 
destruction , all led invariably  to  the
conclusion th a t  the  fish had  been killed by  some com pound produced by 
th e  n a tu ra l processes in th e  lake.
I t  was necessary to  establish th is fact, p rim arily  because it  could also be 
possible th a t  insecticides, am ong them  lindane, had been responsible for 
th e  dam age. The observations which led us to  discount the  effects of pesti­
cides were as follows:
Fig. 4. A half-submerged boat containing  
green algae
1. A half-subm erged bo at was found in fron t of one of th e  farm s a t  the  
bank  (Fig. 4). There were green algae in the  boat b u t nowhere else a t  all. 
The wooden sides o f th e  boat prevented  hydrogen sulphide to  penetra te  
and  exert effect on th e  green algae, therefore th ey  rem ained alive.
2. The fish being recovered from th e  lake still alive, b u t in a  s ta te  of to r ­
por, revived in storage tanks well provided w ith oxygen, and  practically  
100 per cent of these fish rem ained alive. This experience excluded the  insec­
ticides from  the  list of possible causes. The trouble was therefore due to  a 
general poison, harm ful to  all living organisms.
The processes leading to  the  destruction  are outlined below.
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THE ROLE OF SULPHATE REDUCTION
In  the  course of years, a  very  fine m ud of tow n origin, w ith a high organic 
m a tte r content, had  been deposited a t  th e  bo ttom  of the  lake, in some places 
a tta in in g  a d ep th  of 1 m. All the  necessary conditions were given in  this 
very  fine m ud for th e  sulphate-reducing bacteria  to  produce hydrogen sul­
phide.
The hydrogen sulphide com bined w ith th e  iron present in the  m ud p ro ­
duced iron sulphide and  it accum ulated. The am ount of sulphide (S2_ ) in  the 
m ud sam ples was 23-78 mg per 100 g wet m ud. However, the  form ation of 
hydrogen sulphide still continued even when neither th e  m ud nor the  w ater 
contained available iron for th e  binding of hydrogen sulphide which accu­
m ulated  there in a  gaseous form. The subtropical w eather a t the  end of April 
and  a t  th e  beginning of M ay 1971 intensified th e  ac tiv ity  of the  bacteria  and 
th e  production of hydrogen sulphide, which, as a  resu lt of the  decrease in 
air pressure rose in to  the  w ater layer (Vámos 1966). In 'th is  concentration it 
began to  destroy th e  blue algae, large masses of which had  previously lim ited 
w ater transparency  to  a t  m ost 15 cm. The dead algae sank to  the  bottom . 
Consequently, th e  w ater became clearer, its transparency  la te r increasing. 
Such a clear w ater had  for m any years n o t been observed in  the  lake a t 
Palié. A lthough th e  w ater was clear, it contained no, or only a m inimal, 
am ount of oxygen. The w ater was stained  red  by  th e  carotene produced 
by D aphnia magna under th e  oxygen-deficient conditions. D ifferent areas 
were of a creamy-yellow colour owing to  the  precip ita ting  sulphur. 
Oxygen was consum ed by  th e  oxidation of hydrogen sulphide and  by 
su lphur and o ther bac teria  decomposing the  dead  mass of algae. As a 
result of the  d istu rbed  life functions of algae, there  was a m arked deficiency 
in th e  oxygen produced by  photosynthesis. In  such an oxygen-deficient envi­
ronm ent the  oxidation and  neutra lization  of hydrogen sulphide ascending in 
th e  w ater layer were very  slow. In  addition, a fu rth e r unfavourable conse­
quence ensued. In  the  absence of oxygen, th e  toxic concentration of hydro­
gen sulphide for fish was substan tia lly  lower being m erely a few ten th s  of a 
mg per litre.
From  a chemical poin t of view it is in teresting th a t  th e  am ount of dissolved 
phosphorus increased significantly. The change is all the  more strik ing when 
com pared w ith d a ta  collected prior to  the  perishing of fish. In  samples 
tak en  a t  10th Septem ber, 1970, th e  P 20 5 conten t was only 0.12-0.75 mg 
per 1. This concentration decreased from  west to  east. A t th e  tim e of the  
dea th  of the  fish no t only the  H 2S concentration b u t also the  P 20 5 concen­
tra tio n  rose m arkedly to  0.5-1.1 mg per 1 w ith th e  same concentration 
g rad ien t as before. The increased phosphate was chiefly derived from  soluble 
phosphate ion by  th e  chemical ac tiv ity  of H 2S on insoluble iron and  m anga­
nese phosphates in th e  mud.
These conditions developed on or abou t 4 th  May, 1971, when the  fish were 
poisoned. The dead fish first appeared on the  w ater surface on 7th May, 
near th e  Vecsernyés farm , where the  m ud layer is abou t 1 m th ick  and  the  
smell of hydrogen sulphide prevailed above the  lake for more th an  a week. 
As a resu lt o f th e  H 2S poisoning th e  fish sank head downwards into the  m ud 
w ith open gills and  rem ained vertically  embedded.
The fish stock in th e  lake consisted alm ost en tirely  of wild carp averaging
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in weight between 40 and  70 dkg. Only very few individuals could be observ­
ed the  weight of which was around 1 kg, these being 6-8-vear-old specimens. 
The cause of the  suspended developm ent was a  lack of food. The larvae and 
worms playing an im portan t p a r t  in th e  supply of n a tu ra l food were absent 
from  th e  m ud. This is understandable, since oxygen -was com pletely absent 
from the  m ud, the  surface of which was black due to  iron sulphide. The redox 
level was thus no t in the  mud, b u t higher up, in the  w ater layer. Such con­
ditions are no t suitable for the  production of fish food of live organisms.
Fig. 5. The drained lake bed
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Fig. 6 . Dead carp on the drained bed
The lake has been drained  (Figs 5, 6), since w ithout th is  drastic  in terven ­
tion  no oxidation o f th e  reduced m ud could be expected, thus no construc­
tion  work necessary for the  rejuvenation  of the  lake could be perform ed. The 
penetra tion  of air is prom oted by larvae and  worms burrowing in the  drying 
m ud (Fig. 7).
Fig. 7. Larvae and worms burrowing in the drying mud
The drainage was an  unavoidable intervention to  restore th e  lake to  the 
condition it  had  been in a t  th e  tu rn  of th e  century, when Palié was a favour­
ite bath ing  place. The first signs of eutrophication  appeared abou t 30 years 
ago.
W hy has th e  lake changed? The reason for th is  m ay be expressed in the 
following: m an poisons his own environm ent. This has been so in th e  case of 
th e  lake a t  Palié, too.
FACTORS OF POLLUTION
Subotica, being an agricu ltural centre a t the  tu rn  of th e  century , is a t  p res­
en t an  industrialized large town, supplied w ith a  good drainage system . 
R ecently , an  increasing num ber of factories and  p lan ts  began production. 
The w aste-w ater of the tow n and  the  p lan ts, th a t  of a  large ab a tto ir  and a 
factory  producing fertilizers and  of a galvanizing works en tered  th e  lake. 
Owing to  the  insufficient purification of w ater, the  am ount of organic m atte r 
in the  lake increased, as d id  the  quan tities of su lphate and  phosphate ions. 
The original su lphate con ten t rose from 60 to  800 mg per litre.
P erhaps nowhere was th e  sulphatizing o f lakes more dangerous th an  in 
th e  D anube basin. The lake a t  Palié was originally a hydrocarbonate-type 
lake, sim ilar to  L ake Fehér near Szeged. Some years back th e  soda efflores­
cing on the  dry ing-out banks was collected and used in soap-m aking. Today
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there  is no t even a  gram m e of soda a t  the  su lphate-type, d ried-out bottom  
of th e  lake. The high su lphate con ten t and  the  organic contam ination  led to  
an  intensive sulphate reduction, and  hydrogen sulphide was formed, this 
com pound destroying th e  lake a t Palié w ith fish and  all. This has been a 
typ ical case of environm ental pollution.
The outline scheme of the  reconstruction is as follows (Fig. 8):
A ctivated  sludge biological w aste-w ater purifier (1); surface aeration  of 
oxidation lakes (2); fish lakes (3); from which com pletely purified w ater 
passes in to  the  bath ing  p a r t of the  lake (4) destined for bathing, boating 
and fishing.
Fig. 8. Outline schem e o f  the recon­
struction (for explanation o f  numbers 
see text)
The work of re juvenating  th e  lake a t  Palié is in progress and  it is hoped 
th a t in the  near fu tu re  all n a tu ra l conditions will be restored.
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SODA AND H 2S FORM ATION IN  A LKA LI LA K ES
by
R. V á m o s  and R . T a s n á d i
DEPARTM ENT OF MICROBIOLOGY, JÓZSEF ATTILA UNIVERSITY, SZEGED, HUNGARY 
AND STATE FARM  SZEGED, HUNGARY
One of th e  m ethods of utilizing alkali lakes and  unproductive alkali soil 
is th e  construction of fish ponds. This is one of the  issues of the H ungarian  
fisheries developm ent program m e. To achieve this a detailed  knowledge of 
the properties of alkali soils and th e ir processes under waterlogging is neces­
sary.
In  H ungary , sodic lakes and  sodic alkali soils (solonchak) can be found 
only where soils contain  lime in th e ir surface layers, m ainly on the  deposit 
of the  D anube (Fig. 1).
On th e  o ther hand, there are no such lakes and soils on the  Tisza deposits, 
the  soils being solonetz and containing no lime in their surface layer.
On drying ou t solonchak-type soils, soda crystallizes ou t from  th e  mud 
(Fig. 2). In  the case of solonetz soils th is has never been observed.
Fig. 1. D istribution o f  alkali so ils in the  
Great Hungarian Plain. 1 =  solonchak; 
2 =  solonetz-type soils
Fig. 2. Soda crystallizes out in the dry 
period on solonchak soils
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E very  research worker dealing with alkalization agrees th a t  the  form ation 
of alkali soil and  soda occurs in soils periodically covered w ith water. In  
connection w ith the  origin of soda it was no ted  as early  as 1839 by  Irinyi 
th a t  in na tu re  soda does no t form through inorganic reactions. The theories 
p u t forw ard in favour of inorganic soda form ation a t th e  tu rn  of the 
cen tury  have never been confirmed. M any other workers (Treitz 1923, 
’Sigm ond 1923) suggested th a t  alkalization and soda form ation are due to  
hydrobiological processes in th e  mud. T reitz (1923) was th e  first to  a ttr ib u te  
a role to  th e  biological su lphate reduction in soda form ation in s tag n an t 
water.
The results of some of our studies have been reported  earlier (Vámos 
1955, 1964), concerning the  role of bacteriological processes in the  form ation 
of soda. The previous works did  no t fully elucidate the  role of lime, therefore 
th e  presen t work discusses th is  problem .
CHANGES IN  T H E  MUD
In  subm erged soils th e  decom position of organic m a tte r s ta rts  in spring 
w ith the  rising of tem peratu re. U nder optim al circum stances bacteria  rapidly 
proliferate and  th e ir num ber m ay even reach more th an  a hundred  or th o u ­
sand tim es th e  original am ount. In  th is process the  quality  of the  decompos­
ing organic m a tte r and  tem peratu re  p lay  an  im p o rtan t role. The ab undan t 
reserves of organic and  inorganic nitrogen in  the  soil m ay stim ulate  the  
grow th of bacteria. U nder favourable circum stances th e  proliferation of 
bac teria  entails intensive oxygen consum ption. The reduction of n itra tes 
commences w ith th e  disappearance of oxygen, and a t  ab o u t the  sam e tim e 
the  reduction of m anganese and  iron oxides s ta rts  as well. This is followed 
la te r—a t a lower redox p o ten tia l—by th e  reduction of sulphates and 
phosphates (Bloomfield 1969).
Since the  m ud solution and  th e  w ater contain  only a few mg of n itra te  and 
still less phosphate ions, th e  changes tak ing  place in th e  w ater and  the  m ud 
and  la te r in  th e  soil, are m ainly due to  th e  reduction of su lphate ions being 
presen t in abundance.
The reduction processes are associated w ith the  decom position of organic 
m aterials. The electrons produced by  the  respiration of bacteria  transform  
m anganese and  iron oxides, as acceptors, to  soluble Mn2+ and  Fe2+ ions 
(Vámos and  Andó 1969, Vámos and  Tasnádi 1972).
U nder anaerobic conditions th e  decomposed organic m a tte r and  th e  res­
idues of floral origin are accom panied by  th e  production of organic acids 
and  gases, m ostly  m ethane, containing also small am ounts of carbon 
dioxide, nitrogen, and  hydrogen (Y am ane and  Sato 1963). The short-chain  
carboxylic acids produced v ia th e  glycolytic decom position are used up 
no t only by reduction b u t also by  m ethane bacteria. U nder E h /)  mV 
an intensive reduction process begins th e  required  energy of which is p a rtly  
supplied from hydrogen produced by Clostridia, m ainly by  Cl. felsineum, 
form ing a yellow pigm ent.
Besides utilizing hydrogen, the  sulphate-reducing bac teria  need carbon 
in th e  form of organic com pounds. A source of energy for sulphate-reducing 
bac teria  could be ethanol, lactic, bu ty ric  or pyruvic acids, w ith the  excep-
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tion  of acetic acid (S tarkey 1966). The most common equations for su lphate 
reduction are as follows:
N a2S 0 4 +  4 Б , — ^  NaOH +  N aSH  +  4 H ,0  
N aSH  +  H ,C 0 3 ----- > N aH C 03 +  H 2S
As a  result of su lphate reduction, sodium hydrocarbonate and  hydrogen 
sulphide are produced. The righ t-hand  side of the  second equation  can be 
seen in  Fig. 3.
During the  evaporation of water, i.e. during desiccation, owing to  a de­
creasing C 02 tension, sodium hydrocarbonate comes to  the  surface, and  it 
tu rn s  into soda on th e  shore and  in p lan t residues (Fig. 4). This is the  
phenom enon of ‘soda bloom ing’ on the  uneven, limy, sandy surface. Thus, 
soda is form ed from  hydrocarbonate during desiccation, th is being th e  origin 
of the  Ffungarian word sziksó (desiccated salt). H 2S produces FeS by  reac t­
ing w ith Fe2+ ions and iron oxide (Fig. 5).
U nder aerobic conditions, the  ferrous sulphide is oxidized to  sulphuric 
acid. The simplified equation for sulphide oxidation, consisting of several 
steps, m ay be w ritten  as follows:
S2" +  2 0 2 ------ * S O |-
H 2S 0 4 releases H 2S from  FeS, and  th is gas can cause fish destruction  and  
roo t ro t of th e  rice p lan t (Vámos 1964). On th e  o ther hand, FE2S 0 4 can recon­
v e rt soda to  G lauber’s salt. In  th is process th e  presence or absence of lime 
plays an  im p o rtan t role, since H 2S 0 4 is neutralized by reacting w ith lime, 
and  gypsum  is formed. The lime pro tects the  soda and  w ith tim e the  am ount 
of soda increases. In  the  d ry  period, it crystallizes on the  soil surface, th is is 
how solonchak-type soils develop.
In  soils with no lime in th e ir surface layer, b u t rich in iron, during the  
waterlogging m uch FeS accum ulates in the  m ud. H 2S 0 4 form ed under aero-
Fig. 3. ‘Soda bloom ing’ on p lant residues and ferrous sulphide form ation in the mud
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Fig. 5. Ferrous sulphide under the surface layer containing soda
bic conditions from  the  FeS w eathers the  m inerals and  carries the  dissolved 
salts into deeper layers. This is the essence of the  developm ent of solonetz- 
ty p e  soils.
The various alkali soil profiles are th u s hydrobacteriological form ations, 
i.e. th ey  were form ed as a result of processes of periodic waterlogging.
In  the  u tilization of lakes on alkali soils for fish production, it is im p o rtan t 
therefore to  tak e  in to  account w hether the  soil is of the  solonchak or solo- 
netz type. In  th e  form er case, the  w ater of the  lake is characterized by  a 
high pH  value being often  around 10. In  th is case th e  form ation of free
Fig. 4. ‘Soda bloom ing’ on plant residues
192
am m onia is a danger, particu larly  a t  the  tim e of th e  decom position of w ater 
p lan ts, in Ju ly . An exam ple of this ty p e  of lake is L ake Fehér near Szeged 
and  a num ber of lakes betw een th e  D anube and  the  Tisza.
In  lakes on solonetz-type soil, however, where the  abundance of iron 
enables th e  accum ulation of FeS, the danger is incurred by the  release of 
quan tities of H 2S poisonous to  fish. F or exam ple, such lakes are those a t 
B iharugra and  all backw aters of the  rivers Tisza and  Körös.
In  these ponds and  backw aters, and  in all o ther ponds in which the  
am ount of organic m a tte r  constan tly  increases, a sim ultaneous increase of 
th e  q u an tity  of su lphate ions adds to  the  danger. H 2S form ed by su lphate 
reduction m ay en tirely  ex term inate  lacunar life.
Mass dea th  of fish, in which all the  fish stock perished due to  H 2S, occurred 
especially in barrage ponds.
The recognition of these phenom ena considerably simplified the  protective 
work and, in m any cases, the  prevention  of the  loss o f m any tons of fish.
SUMMARY
According to  ’Sigmond (1923) the  fundam ental factors of alkalization are 
as follows: (1) warm, d ry  clim ate, (2) periodical waterlogging and  (3) w ater- 
im perm eable layer in th e  soil. The sim ultaneous presence o f these factors 
results p a r tly  in the  accum ulation of salts, and  on th e  o ther hand, gives 
rise to  microbiological processes which m ay lead to  soda and  hydrogen sul­
phide form ation. B oth  products of th e  su lphate reduction  have unfavourable 
effects on the  quality  of w ater and  on the  developm ent of fish.
Soda raises the  pH  value, and  in th e  case of a  high am m onium  content 
th is  can lead to  the  dea th  of fish th rough  th e  form ation of free am m onia.
As a general cell enzym e and  nerve poison, in higher concentration 
hydrogen sulphide destroys all th e  living creatures unable to  escape 
from  the  water. In  lower concentration, it m erely inhibits th e ir m etabolism  
and  developm ent.
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T H E  IN FL U E N C E  OF FLUCTUATIN G TEM PE R A T U R E  
ON PLA N K TO N  R O T IF E R S. A G R A PH IC A L M ODEL 
BASED ON L IF E  DATA OF H E X A R T H R A  F E N N 1 C A  
FRO M  N E U S IE D L E R S E E , AUSTRIA
by
A g n e s  R t t t t n e r - K o l i s k o
BIOLOGICAL STATION OF T H E  AUSTRIAN ACADEMY OF SCIENCES,
LUNZ-AM-SEE, A-3293, AUSTRIA
In  Septem ber 1972, a Symposium  on the  influence of tem peratu re  on or­
ganism s was held in  Obergurgl, A ustria. A t th is m eeting it  was extensively 
discussed how fluctuating tem p era tu re  influences the  reaction of an  organ­
ism, w hether it  is permissible to  average th e  tem peratu re  differences and 
to  calculate the  reaction according to  the  m ean tem peratu re , or w hether the 
tem peratu re  responses are always shifted  irregularly  as it was found by 
K aufm ann  (1932) who used the  log-phase grow th of insect larvae for his 
experim ents.
This question is particu la rly  im portan t as far as p lank ton  organism s 
are concerned, for tw o reasons:
1. Calculations of p roduction inevitab ly  involve tem peratu re  factors, as 
for exam ple, E dm ondson’s (1960) fam ous b irth  ra te  form ula for p lankton
EH
rotifers: b =  —— ; the  sam e is tru e  for calculations of generation tim e or
Dit
of tu rnover tim e of any  phy to - or zooplankton.
2. I f  fluctuating tem peratu re  results in an  uneven life cycle of p lank ton  
organisms, th is m ay lead, to  a certain  ex ten t, to  th e  synchronization of bio­
logical activ ities such as cell division, egg deposition and  the  like. All these 
param eters are im p o rtan t for p lank ton  counting, m easurem ents of biomass 
and  estim ation  of standing crop; hence, tim e of day  and  frequency of 
sam pling m ay become increasingly im portan t.
A lthough daily tem peratu re  fluctuations occur in every body of water, 
th ey  are p robably  of little  im portance to  organism s in large deep lakes and 
in a m oderate clim ate. However, in shallow waters, in th e  litto ra l zone, and 
under extrem e clim atic conditions, these fluctuations m ay reach a wide 
am plitude and  last over a  long period of tim e thus considerably influencing 
th e  life cycle of the  phy to - and zooplankton species of th a t  particu la r 
body of water. For th is reason we used d a ta  for our considerations of a ro ti­
fer, Hexarthra fennica  from  Neusiedlersee, where in sum m er daily  tem p ér­
a tu re  fluctuations of 5 °C occur frequently  over a period o f several days 
and  where even differences up  to  10 °C occur occasionally* (Fig. 1).
We have been cu ltivating  Hexarthra fennica  for several years in our labo­
ra to ry  in Lunz a t  tem peratu res of 15 °C, 20 °C and  25 °C on a diet of Chlo-
* My thanks are due to  Dr. O. M otschka, Z. A. f. Meteorologie, V ienna, for kindly  
providing tem perature data o f  Neusiedlersee.
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Fig. 1. D aily  m ax and m in tem peratures in Neusiedlersee, Austria during the summer 
m onths o f  1969-1971. B lack parts indicate tem perature differences o f more than 5 °C
relia vulgaris (R uttner-K olisko 1971). U nder constan t conditions and  with 
approx. 106 Chlorella cells per ml, Hexarthra reproduces parthenogenetically  
in a  very  regular way showing an  extrem ely  uniform  p a tte rn  of life cycle, 
which we have verified in m any individual cultures.* F rom  these cultures 
the  following m ean values for the  m ost im p o rtan t life d a ta  have been cal­
cu lated  (Table 1).
TABLE 1
H ex a rth ra  fe n n ic a  (mean values, in h) 15 °C 20 °C 25 °C
Egg development time, D 36 17.5 8.5
Interval between eggs, I 25.5 9.5 3.5
Period of immaturity, I m 8 6 45 25
Generation time ( I m  - f  D)G 122 62.5 33.5
(approx.) length of life, L 300 150 100
Number of eggs, N 10-12
P lo tted  on semilog paper against tem peratu re  (Fig. 2) all mean 
values fit extrem ely  well in to  s tra ig h t lines, thus clearly showing th e  expo­
nen tia l tem peratu re  dependence of m etabolic processes—a general po stu ­
la te  which has been well known for a long tim e. The tem peratu re  difference 
necessary for doubling th e  speed of m etabolism  of Hexarthra fennica  in an 
abundance of food is approx. 5 degrees (4.8 °C for egg developm ent).
As shown in Fig. 1, daily  tem p era tu re  fluctuations of 5 °C or more occur 
in Neusiedlersee in sum m er a t tem peratu res around 25 °C. We chose, there-
* For reliable technical assistance and vivid  interest in the work I am  grateful 
to  Miss E . K ronsteiner.
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fore, as our model a uniform  24-h fluctuation betw een 25 °C a t  2 p .m . and  
20 °C a t  2 a.m . The individual values for the  life d a ta  corresponding to  the  
p articu la r tem peratu res a t  each hour were established by using the  graph  of 
Fig. 2 (but on a larger scale) as a nom ogram  for in terpolation betw een d a ta  
known from  experim ents. This procedure was tho u g h t perm issible owing to  
th e  very  s tric t life p a tte rn  of rotifers in the  parthenogenetic phase, 
confirmed by  our cu lture experim ents. S ta rtin g  from those figures, the 
corresponding life d a ta  Z>//, / / / ,  7m// and G/f for fluctuating  tem peratu res
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Fig. 2. Temperature dependence o f  egg developm ent tim e (D), interval between eggs 
(7) and period o f  im m aturity (7m) in cultures o f  Hexarthra fennica in an abundance
o f food
have been calculated by sum m ing up th e  respective portions for each 
particu la r hour. All the  necessary d a ta  for our fu rth e r considerations are 
com piled in Table 2.
As an  exam ple of the  operation used, the  egg developm ent tim e D  is indi­
ca ted  for each hour in Fig. 3: above th e  line: for th e  tem peratu re  oscillating 
between 20 °C and  25 °C, below th e  line: for the  tem peratu re  of th a t  p a rticu ­
lar tim e of the  day  rem aining constan t. The difference betw een the  egg de­
velopm ent tim e a t constan t and  at fluctuating tem peratu re  (Djk— Z>//) is 
— 4.5 h a t  5 p.m . and  + 5 .6  h a t  4 a.m . which am ounts to  nearly  50 per cent 
and  over 30 per cent, resp. of the  constan t developm ent tim e D]k. This 
shows already  clearly th a t  under th e  conditions we have chosen for our 
model the  use of th e  ac tua l tem peratu re  a t sam pling tim e for production 
calculations m ay lead to  considerable errors.
In  th e  following graph  (Fig. 4) k- and  /-values for the m ost im p o rtan t life 
param eters D, I ,  lm , G as well as the  deviation of /- from  7-values have 
been p lo tted  for every hour of the  day. From  th is graph  th ree facts are 
obvious: th e  more tim e a  p articu la r p aram eter covers the  wider are the 
fluctuations of its k-values during th e  24-h tem peratu re  oscillation; b u t 
a t th e  same tim e th e  /-values are more and  more stra igh tened  ou t to  the 
value of th e  mean tem peratu re . In  con trast to  th a t , the  deviation of/-va lues
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TABLE 2
1
Оs
l g
Life data a t constan t tem peratures
Life d a ta  a t  fluctuating 
tem peratures starting  
from the respective h
( t/h ) 1 h ii
100 к
per cen t of k -value
D/k Ilk Imjk G/k l)\k i i k I n ijk Olk i>if Ilf /,»// o/f
8 22.5 12.2 5.7 33.5 45.7 8.2 17.6 3.0 2.2 9.5 4.6 31.5 44.3
9 23.2 11.1 5.0 31.0 42.1 9.0 20.0 3.2 2.4 9.5 4.2 31.0 44.3
10 23.8 10.2 4.5 28.8 39.0 9.8 22.4 3.5 2.5 9.0 4.0 31.0 45.0
11 24.3 9.5 4.1 27.2 36.7 10.5 24.4 3.7 2.7 9.5 3.8 30.9 45.4
12 24.7 8.9 3.7 26.0 34.9 11.2 26.9 3.8 2.8 10.0 3.6 31.0 45.5
13 24.9 8.6 3.6 25.2 33.8 11.6 28.0 4.0 2.9 10.3 3.5 31.0 45.5
14 25.0 8.5 ■3.5 25.0 33.5 11.8 28.5 4.0 3.0 11.0 3.6 31.5 45.5
15 24.9 8.6 3.6 25.2 33.8 11.6 28.0 4.0 2.9 12.3 4.0 32.0 45.5
16 24.7 8.9 3.7 26.0 34.9 11.2 26.9 3.8 2 .s 13.3 4.3 32.5 45.3
17 24.3 9.5 4.1 27.2 36.7 10.5 24.4 3.7 2.7 14.0 5.0 33.5 45.3
18 23.8 10.2 4.5 28.8 39.0 9.8 22.4 3.5 2.5 14.5 6.0 34.0 45.0
19 23.2 11.1 5.0 31.0 42.1 9.0 20.0 3.2 2.4 14.5 7.0 34.5 44.9
20 22.5 12.2 5.7 33.5 45.7 8.2 17.6 3.0 2.2 14.5 7.9 35.0 44.8
21 21.9 13.4 6.5 36.0 49.4 7.5 15.4 2.8 2.0 14.0 8.3 35.0 44.5
22 21.3 14.6 7.3 38.6 53.2 6.9 13.7 2.6 1.9 14.0 8.5 35.0 44.5
23 20.8 15.7 8.1 41.0 56.7 6.4 12.3 2.4 1.8 13.5 8.4 34.5 43.7
24 20.4 16.6 8.8 43.0 59.6 6.0 11.4 2.3 1.7 13.0 8.2 34.3 43.3
1 20.1 17.2 9.2 44.5 61.7 5.8 10.9 2.3 1.6 12.7 7.9 34.0 43.4
9 20.0 17.5 9.5 45.0 62.5 5.7 10.7 2.2 1.6 12.0 7.4 33.6 43.4
3 20.1 17.2 9.2 44.5 61.7 5.8 10.9 2.3 1.6 11.7 7.0 33.0 43.0
4 20.4 16.6 8.8 43.0 59.6 6.0 11.4 2.3 1.7 11.0 6.5 32.8 43.1
5 20.8 15.7 8.1 41.0 56.7 6.4 12.3 2.4 1.8 10.7 6.0 32.5 43.2
6 21.3 14.6 7.3 38.6 53.2 6.9 13.7 2.6 1.9 10.2 5.4 32.0 43.5
7 21.9 13.4 6.5 36.0 49.4 7.5 15.4 2.8 2.0 9.8 5.0 31.7 43.8
8 22.5 12.2 5.7 33.5 45.7 8.2 17.6 3.0 2.2 9.5 4.6 31.5 44.3
Fig. 3. Upper part: nomogram o f  a 24-hour tem perature oscillation between 20 °C and 
25 °C. Lower part: egg developm ent tim e for each hour; D /f =  calculated for fluctuat­
ing tem perature, D /к  =  calculated for the constant tem perature o f  the particular hour
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Difference between constant and fluctuating temperatures
Abs. temperature values Deviation (d) in per cent
(in h) I of A'-values
Djk-D/f W -1/f Imjk-In,If w - m B/k-lilf i/k-r/f Imjk-Imff O/k-O/f
+  2.7 +  1.1 + 2.0 +  1.4 +  22.1 +  19.4 +  6.0 +  3.1
+  1.6 +  0.8 0 _ 2.2 +  14.4 +  16.0 0 5.3
+  1.2 +  0.5 — 3.2 -  6.0 +  11.8 +  11.2 - 1 1 .2 - 1 5 . 0
0 +  0.3 — 3.7 -  8.7 0 +  7.3 13.7 -  23.5
1.1 +  0.1 — 5.0 -  10.6 - 1 2 .3 +  2.8 19.0 -  29.7
-  1.7 0 — 5.8 - 1 1 .7 19.7 0 - 23.2 - 3 3 .9
2.5 0.1 — 6.5 -  12.0 29.5 2.8 - 26.0 - 36.0
3.7 0.4 — 6.8 - 1 1 .7 42.9 11.2 - 2 7 . 2 -  33.9
4.4 - 0.6 — 6.5 — 10.4 -  49.5 16.1 - 2 4 .7 - 2 9 .1
-  4.5 - 0 . 9 — 6.3 — 8.6 47.3 -  24.0 - 2 3 .3 - 2 3 . 2
4.3 - 1 . 5 — 5.2 -  6.0 42.1 - 3 3 . 6 -  18.2 - 1 5 . 0
3.4 - 2 . 0 — 3.5 -  2.8 -  30.6 -  40.0 11.2 -  6.7
- 2 . 3 - 2 . 2 1.5 +  0.9 18.9 - 3 8 . 8 -  4.5 +  2.0
- 0 . 6 - 1.8 + 1.5 +  4.9 4.5 -  27.7 +  4.2 +  9.8
+  0.6 - 1 . 2 + 3.6 +  8.7 +  4.1 -  16.4 +  9.4 +  16.5
4 -2 .2 - 0 . 3 + 6.5 +  13.0 +  13.1 -  3.7 +  15.8 +  23.4
+  3.6 +  0.5 + 8.7 +  16.3 +  21.6 +  5.7 +  20.0 +  27.7
+ 4 .5 +  1.3 10.5 +  18.3 +  26.1 +  14.2 +  24.2 +  29.3
+  5.5 +  2.1 -j- 11.4 + 19.1 +  31.4 +  22.5 +  25.1 +  30.6
+  5.5 4 -2 .2 4 - 11.5 +  18.7 +  31.9 +  24.0 +  26.5 +  30.5
-j-5 .6 +  2.3 + 9.2 +  16.5 +  33.6 +  26.2 +  21.2 +  28.5
+  5.0 +  2.1 -j- 8.5 +  13.5 +  32.0 +  26.8 +  20.4 +  24.3
+  4 .4 +  1.9 6.6 +  9.7 +  30.4 +  26.0 +  17.2 +  18.4
+  3.6 +  1.5 4.3 +  5.6 +  27.0 +  23.1 +  12.0 +  11.2
+  2.7 + 1 .1 + 2.0 +  1.4 +  22.1 + 1 9 .4 +  6.0 +  3.1
in  per cent of the  respective &-values is sim ilar in each case, am ounting 
approx, from  —40 per cent to  + 3 0  per cent. This resu lt has to  be consid­
ered in  p ra x i: dealing w ith param eters the  duration  of which covers 
th e  tim e of tem peratu re  fluctuation or more th an  th a t, values applying 
to  th e  m ean tem peratu re  of the  oscillation can be used for calculations 
w ithout m aking a big error; b u t w ith param eters of short dura tion  or w ith 
organism s having a  sho rt life tim e com pared w ith the  daily tem peratu re 
cycle the  shifted  d a ta  for fluctuating tem peratu res should be applied.
The o ther po in t of view which m akes tem peratu re  fluctuations an  in te r­
esting limnological featu re is the  question w hether or no t it induces synchro­
nization of th e  biological activ ities o f p lank ton  organism s and  if so, to  w hat 
ex ten t. Using again the  d a ta  calculated from  our culture experim ents and 
com piled in Table 2, we s ta rted  w ith the  assum ption of evenly d istribu ted  
eggs in a Hexarthra population  exposed to  fluctuating tem peratu res in a 
24-h rh y th m  (Fig. 5). According to  th e  changing developm ent tim es, these 
eggs will hatch  unevenly, resulting 50 per cent of th e  new born individuals 
crowded w ithin 6.5 hours (while th e  tem peratu re  is highest), the  o ther 50 
per cent being sca tte red  dividing th e  rest of the  24 hours of th e  day. As a 
consequence, the  first eggs of th e  nex t generation are also unevenly distrib-
2 0 1
Fig. 4. D eviation (d ) o f  the respective /-values from &-values (k- f )  for the main life 
parameters D ,J ,Im ,  and G during the 24-hour tem perature oscillation, expressed in per 
cent o f the £-values (for further explanation see text)
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Fig. 5. Schedule o f  egg deposition ( ) and hatching ( f ) in 3 generations o f  H exarthra
fennica  exposed to tem peratures fluctuating daily between 20 °C and 25 °C
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Fig. 6 . Schedule o f  egg deposition in a clone derived from one individual (P ) exposed  
to  tem peratures fluctuating daily  between 20 °C and 25 °C. Black dots: eggs d e­
posited during the 12 hours above m ean tem perature; w hite dots: eggs deposited  
in the tim e below m ean tem perature
uted , 50 per cent occurring w ithin 8 hours only and  th e  newborns being 
packed even closer (50 per cent in 6 h). The sam e tren d  characterizes the  
th ird  generation w ith half of the  eggs laid  w ithin 6.5 hours and  half of the  
newborns hatching w ithin 5 hours of th e  day. W ithout extending the 
model any  fu rther, th e  tendency  to  shorten  the  in terval betw een bo th  
eggs and  hatchlings becomes obvious.
This m ust finally lead to  a more or less com plete synchronization, the 
rh y th m  and  com pleteness of which will na tu ra lly  depend no t only on the 
regu larity  of the  life d a ta  of the  p lank ton  organism  in question b u t also on 
the  am plitude and du ra tion  of th e  tem peratu re  fluctuation. M ainly in 
shallow tropical lakes, where regular tem peratu re  oscillations occur over 
long periods, such synchronizations should be considered, and  have already 
been recorded.
The diagram  of Fig. 5 deals only w ith  generations following one another, 
b u t om its the  successive eggs of one female. To show the  effect of fluctuating 
tem peratu re  on the  offspring of one particu la r individual, we have built up 
a hypothetical clone using again th e  tab u la ted  d a ta  (Fig. 6). In  the  paren ta l 
generation, tim es of egg deposition as well as hatching tim es are indicated  
in order to  get the  s ta rtin g  points o f F^-life histories. F u rth e r on, only the  
eggs and  th e  hatchling o f tbe  first egg are m arked. W ith  tem peratu re  oscil­
lations, according to  our schedule, egg deposition swings im m ediately into 
a rhy thm , w ith th ree of the  four eggs per 24 hours being laid  during th e  12 
hours above m ean tem peratu re  and  only one egg during the  sam e length  of 
tim e below m ean tem peratu re. This rh y th m  is m aintained no t only w ith all
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the  individuals of the  F 1 b u t also w ith those of fu rth e r generations. Thus 
sam pling tim e becomes very  im p o rtan t as fa r as counts, age s tru c tu re  and  
egg ra tios are concerned.
B oth  graphs suggest th a t  fluctuating tem peratu re  induces n o t only a 
rhy thm ic egg deposition in th e  life of each single ind ividual b u t it also leads 
to  a  synchronic swinging of th e  whole population, th e  ex ten t and  speed 
of which depend on the  life schedule and  type of therm ic oscillation. 
W herever tem peratu re  fluctuations occur, they  m ust be considered in any 
investigation of population dynam ics.
C onstructing a fairly  sim ilar graphical model to  describe age d istribu tion  
and  o ther dem ographic param eters of ro tifer populations, Edm ondson 
(1 9 6 8 )  has already stressed th a t  such kinds of models are prim arily  of th eo ­
retical in terest. The num erical results cannot be generalized and  it  would 
be ‘tedious and  tim e consum ing’ to  repeat the  modelling for each particu la r 
organism  in each p articu la r environm ent. F or p ractical use such a model 
m ust be converted  in to  a  com puter program m e suitable for everybody to  
feed in his own d a ta  in order to  learn w hether or no t and  to  w hat ex ten t, a 
p articu la r species is alfected by the fluctuations of tem peratu re  in a p a rticu ­
la r body of water.
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AN ASSESSM ENT OF SPO R T -FISH  PRO D U CTIO N  
PO T E N T IA L  IN  TW O SMALL A L P IN E  W ATERS 
IN  ALBERTA , CANADA 
by
R . S. A n d e r s o n
CANADIAN W IL D L IFE  SERVICE, D EPARTM ENT OF T H E  ENVIRONM ENT, DEPARTM ENT 
OF BIOLOGY, U N IV ERSITY  OF CALGARY, CALGARY, ALBERTA, CANADA
P rim ary  and  secondary production were assessed for a sm all alpine lake 
(a ltitude 2320 m) and  a sm all subalpine pond (a ltitude 2030 m) in the 
R ocky M ountains in A lberta , C anada. These studies were p a r t  of a re- 
evaluation of the  sport-fishing po ten tial of some small, h igh-altitude 
w aters in th e  w estern C anadian N ational Parks.
E stim ates of to ta l annual p rim ary  product ion per u n it surface area were 
sim ilar for the  two w aters despite m arked differences in p a tte rn s  of annual 
production and  the  fact th a t  th e  lake is perm anent, whereas the  pond freezes 
to  the  bo ttom  during th e  w inter. In  b o th  waters, the  m ain p rim ary  consum er 
was the  copepod Diaptomus tyrrelli Poppe 1888. The ecological grow th effi­
ciencies {Kj)  of the  tw o copepod populations appear to  be sim ilar, although 
th e  pond population has two generations per year and  th e  lake population 
has only one.
The pond contains no fish, b u t th e  lake has been recently  and  fairly heavily 
stocked w ith ‘t ro u t’ species. P resen t fish production in the lake appears to  
be extrem ely  low com pared to  th e  in itia l production. The lake before stock­
ing, like the  pond now, had  a p redato ry  d iaptom id species as the  main secon­
dary  consum er. The fish elim inated these large copepods which have since 
been replaced by tw o species of cyclopoid copepods. Reasons for th e  initial 
high fish grow th ra tes and  th e  presen t low grow th ra tes are considered, and 
an a ttem p t is m ade to  provide a realistic estim ate of the production po ten tial 
on a long-term  basis.
There has been some pressure to  stock the  pond annually  on a pu t-and- 
take basis. Such stocking is evaluated  in term s of production potential, 
long-range effects on the  pond com m unity, and  a lte rn a te  values of the  pond. 
I t  is likely th a t  reduction of food-organism populations below self-m ain­
tain ing  levels would occur before depletion of nu trien ts  due to  biomass 
export (i.e. fish removal).
The m ountain  N ational P arks of w estern C anada were established com ­
paratively  recently . A lthough the  original ‘R ocky M ountain N ational P a rk ’ 
of 25 km 2 (10 miles2) was created  in 1885 near the  present tow nsite of Banff, 
it was no t u n til abou t 40 years la te r th a t  the m ountain  P ark s began to  a p ­
proach their present size and  ex ten t. The first known stocking of fish in the 
waters of these P arks was in L ake M innewanka in 1901—2, and  stocking has 
been carried ou t in selected lakes in the  m ountain  N ational P arks nearly  
every year since then . T otal num bers of fish stocked and  the num ber of 
lakes stocked peaked between 1925 and  1935, and  again betw een 1955 and 
1965.
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U ntil fairly recently , fishing pressure on these N ational P a rk  waters 
rem ained m oderate, even though  th e  num ber of visitors to  the  P ark s has 
increased steadily  over th e  years. Problem s re la tive to  sport-fisheries have 
been few; u n til more recently  there were neither obvious needs nor person­
nel to  conduct detailed  limnological studies as p a r t  of fishery m anagem ent 
operations. G reat increases in  v isito r num bers, w ith concom itant fishing 
pressures, and  an  increased public awareness of th e  im pact of m an on the  
environm ent have em phasized th e  im portance of policies and  practices in 
lake and  stream  m anagem ent which are ecologically and  conservationally 
sound.
The in itia l rap id  grow th of tro u t and  char stocked in previously fish-free 
lakes has often been reported  (e.g. Nilsson 1972, Raw son 1947). This rap id  
grow th som etimes led to  expectations of sustained high p roduc tiv ity  which 
did no t m aterialize in m any h igh-altitude lakes. In  some o f these, production 
has declined sharp ly  since the  original stocking, a lthough a  few lakes have 
continued to  produce reasonably well. Evidence from m any o ther studies 
(e.g. F ish 1968, Nelson 1964, R abe 1970, Rawson 1947, W alters 1968) 
suggests th a t  in  th e  p as t m any lakes m ay have been stocked too heavily, 
w ith th e  wrong species, or in such a way as to  produce an  unbalanced fish 
p o pu la tion—all of which con tribu te to  sub-optim al production.
Large species usually  dom inate th e  in verteb rate  fauna of fish-free alpine 
lakes in th e  C anadian R ocky M ountains, and  these lakes are often charac­
terized by a relatively  large standing-crop biomass. Our studies indicate 
th a t  m any of these species grow slowly and  have low production/biom ass 
(PjB)  ratios, undoubted ly  im p o rtan t reasons why fish production afte r 
stocking has som etim es failed to  s tay  up  to  expectations in pristine lakes.
The presen t p ro ject was undertaken  to  stu d y  po ten tia l and  ac tua l p ro ­
duction in tw o represen ta tive alpine w aters in A lberta . I t  was in tended  as a 
p ilo t s tudy  for la te r investigations which would provide m anagem ent guide­
lines for stand ing  w aters in th e  m ountain  N ational P arks. W e hoped to  
determ ine which param eters were good indicators of food-organism  produc­
tion  and, hence, indicators of po ten tia l sport-fish production. O ther studies 
are underw ay to  assess th e  im pact of certain  fish species on invertebrate  
com m unities in h igh-altitude lakes.
THE STUDY AREA
The pond and  lake of th is stu d y  are situ a ted  a t sim ilar altitudes. A t th e  tim e 
of th is s tudy , th e ir zooplankton com m unities were dom inated in bo th  num ­
bers and  biom ass by th e  sam e copepod species, Diaptomus tyrrelli Poppe 
1888. F ish-free before 1960 as far as is known, Snowflake L ake in Banff 
N ational P a rk  has been stocked w ith fish as follows:
1960 — 1000 Salvelinus fontinalis M itchill -f- 1000 Salmo gairdneri 
Richardson.
1963 — 1000 S. fontinalis -f- 500 S. gairdneri.
1964 — 4000 S. fontinalis -f- 1000 S. gairdneri.
1965 — 5000 S. fontinalis -f- 5000 S. gairdneri 5000 Salmo clarki
Richardson.
1966 — 1000 S. clarki +  4000 S. fontinalis.
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No S.  clarki are known to  have survived. So far, we have no evidence o f 
successful n a tu ra l reproduction of th e  fish in Snowflake Lake.
T eardrop Pond, south  of B anff N a tio n al P ark , is sm all and shallow. I t  
has never been stocked with fish, although stocking has been advocated  a t 
tim es. These tw o w aters have been described elsewhere (Anderson 1967, 
1968, 1970a, 1972). Table 1 is a  sum m ary of location, m orphom etric and 
o ther features. General locations are 
given in Fig. 1.
The zooplankton com m unity of 
Snowflake L ake contained large zoo­
p lank ton  species ( > 2  mm) before 
fish stocking, b u t these species are 
no longer present. A lthough there 
have been recent changes in the  con­
stitu tion  of th e  ro tiferan  and  crus­
tacean  plankton , the  zooplankton 
biom ass since 1966 has rem ained 
fairly constan t (Anderson 1972). D. 
tyrrelli has one generation per year; 
hatching usually occurs in April 
and  m ost copepods m ature in Sep­
tem ber. Mean generation tim e is 
abou t 115 days. In  Teardrop Pond,
D. tyrrelli produces tw o generations 
per year, initial num bers being approxim ately  the  same for bo th  genera­
tions. M ean generation tim e is abou t 90 days. Diaptomus shoshone Forbes 
1893 and  Eubranchipus intricatus H artland  Rowe 1967 are th e  o ther tw o 
m ajor zooplankters. E ach produces one generation per year. There is 
essentially no w inter zooplankton in either of the  tw o waters, except for a 
sm all num ber of cvclopoid copepods in Snowflake Lake.
TABLE 1
S u m m a ry  of location and other features for Snow flake Lake and Teardrop Pond, A lberta
Snowflake Lake Teardrop Pond
L o c a tio n 11U /N H 808167 1 1U /P F 823630
E le v a tio n 2320 m 2030 m
S u rface  a re a 7.13 h a 0.4 h a
D e p th  — m a x im u m 13.0 m 1.5 m
D e p th  — m e a n  ( Ju n e  to  A u g u s t) 6.12 m 0.6 m
V olum e ( J u n e  to  A u g u s t) 4 .36  X 1 0 5 m 3 2.4 X lO 3 m 3
S u m  o f  c o n s titu e n ts  (TD S a s  p p m ) 102 p p m 41 p p m
p H  (0.5 m , Ju ly ) 8.1 9.7
D o m in a n t an io n /c a tio n H CO g/Ca HCOg/Ca
O p e n -w a te r  se ason  (ap p ro x .) J u n e  2 5 /O ct. 10 A p r. 2 5 /O ct. 25 (v a riab le )
M a x im u m  ice th ic k n e ss 1.2 in freezes to  b o tto m
M a x im u m  su rfa c e  te m p e ra tu re 13 °C IS CC (u su a lly  less)
S u rface  in le t y e s no
S u rface  o u t le t yes no
B o tto m  se d im e n ts  (%  o rgan ic) 20 .1% 11.4%
M a c ro p h y te s no som e
F ish y es no
VICTORIA
JSLAND
'SASKATCHEWAN
CANADA 
USA
1. SNOWFLAKE LAKE
2. TEARDROP POND
Fig. 1. Map showing the location o f  
the lake and pond
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METHODS AND MATERIALS
The radio-isotope m ethods and  m aterials for assessing p rim ary  production 
were basically those described and  provided by th e  In tern a tio n al Agency 
for 14C D eterm ination, Soborg, D enm ark. E xperim ents were carried  ou t 
several tim es a year a t  5 or 7 dep th  in tervals in  Snowflake L ake and  usually 
2 dep ths in Teardrop Pond. P roduction  per un it surface area was corrected 
to  account for basin m orphom etry.
Two or more replicate benthic sam ples were tak en  a t  each sam pling site 
w ith a 230-cm2 E km an  dredge. Ereshw eights were m easured w ithin one or 
tw o days to  avoid excessive weight loss (Howmiller 1972). D etails of p lan k ­
ton  m ethods have been given elsewhere (Anderson 1971). V ertical and  hori­
zontal tows were m ade w ith a conical net (m outh diam . =  24 cm; bolting 
silk apertu re  65-70 /i), supplem ented w ith trap  sam ples. P hysical and 
chemical m ethods have been described earlier (Anderson 1970a). P h y to ­
p lank ton  biom ass was determ ined by calculation from  direct counts using 
the  mean-cell-volum e m ethod  (Nauwerck 1963).
A prelim inary assessm ent of grazing ra tes was m ade to  determ ine the  
possible fa te  of phy top lank ton  prim ary  production and  to  aid  in assessing 
the  lake or pond food po ten tia l. E stim ates were based on th e  relationship 
betw een the  daily  p rim ary  production and  the  calculated phy top lank ton  
renew al rates.
I t was no t possible to  m ake calorim etric m easurem ents of the  com ponents 
of the  aquatic  com m unities a t th is tim e. However, the  values for the  algal 
and  copepod com ponents are probably  very  sim ilar (cf. Cummins and  W uy- 
check 1971) and  would n o t change calculated efficiency ra tes appreciably. 
A lthough it was no t possible to  m easure assim ilation ra tes (K t or ecological 
efficiency) d irectly  for fish, the food in take ra tes suggested for L ake Sevan 
tro u t (W inberg 1971, p. 134) are close to  those no ted  in o ther studies in 
oligotrophic m ountain  lakes. I t  is unlikely th a t  the  K l is any higher th an  
8 per cent on th e  basis of fresh weight, or 16 per cent on the  basis of caloric 
conten t. Caloric values for salm onid freshw eight are approxim ately  twice 
those for d ip teran  larvae, according to  Cummins and  W uycheck (1971).
RESULTS
The experim entally  determ ined phy top lank ton  prim ary  production for 
1967 in Snowflake Lake was 76.4 kg C h a-1 y r“ 1. Accepting 10 per cent of 
freshw eight as carbon (Nauwerck 1963), th is is equivalent to  764 kg frw t 
ha-1 y r“ 1. Using P la t t  and  Irw in ’s (1973) conversion factor, annual p h y to ­
p lank ton  production is equivalent to  87 kcal m“2, close to  some low-pro­
ductiv ity , oligotrophic lakes in N orth  K arelia (Alimov and  W inberg 1972). 
A nnual phy top lank ton  production for Teardrop P ond  was determ ined a t 
82.8 kg C h a-1 y r“1, or 828 kg frw t ha-1 y r“1, approxim ately  equivalent to  
94.3 kcal m“2 y r“ 1. A lthough no m easurem ents of m acrophyte or periphy­
ton production have been made, it is estim ated  th a t  inclusion of th is p roduc­
tion  would give a gross prim ary  production less th an  1.5 tim es the  m easured 
phy top lank ton  p rim ary  production. Because there are no m acrophytes in 
Snowflake Lake, it is expected th a t  periphy ton  production would increase 
gross production by no more th an  1.25 tim es in th a t  lake.
2(18
The m axim um  D. tyrrelli biomass for Snowflake L ake was 52.7 kg h a -1 ; 
m orta lity  was calculated  to  be 16 per cent (Anderson 1972). The m axim um  
biomass for D. tyrrelli in  Teardrop P ond  was 32.4 kg h a -1 (second genera­
tion), and  the  biomass for each of the  populations of I), shoshone and  
E . intricatus was approxim ately  equivalent to  I), tyrrelli second genera­
tion. E xperim ents and  observations (Anderson 1967, 19706) indicated  th a t 
D. shoshone copepodids I I I  to  V I preyed heavily on the  first generation of 
D. tyrrelli, b u t th a t  m uch of th e  food for th e  predaceous copepods came 
from  o ther sources. M ortality  of th e  first generation of D. tyrrelli was 
assessed to  be 85 per cent, and  of the  second 15 per cent (1969 data).
Table 2 is a  sum m ary of represen ta tive d a ta  on grazing-rate d eterm ina­
tions. On the  basis of the  percentage of the  copepod body weight consum ed 
per day  tim es th e  lifespan, if assessed grazing ra tes were represen ta tive for 
th e  species and  o ther d a ta  were consistent, th en  Snowflake L ake copepods 
a te  16.1 tim es th e ir biom ass per year and  Teardrop Pond  copepods a te  15.8 
tim es th e ir biomass per year, and  the  K x or ecological efficiencies were 6.2 
per cent for the  form er and  6.35 per cent for th e  la tter.
Table 3 is a sum m ary o f phy top lank ton  p rim ary  production, zooplankton 
biomass and  production, benthic biomass, generation tim es and  production 
(some benthic d a ta  need fu rth e r substan tiation).
In  1966 and  1967, fisherm en’s catches included m any large fish (up to  
45 cm), b u t ra th e r th in  fish ranging from  22 cm to  28 cm appear to  have 
dom inated catches from  1968 to  1971. Gill net catches in 1973 indicated  
th a t  th e  fish population had  dim inished considerably since 1966 when the 
lake was las t stocked. Only 23 fish were caught in two 15-hour sets w ith 
100 m of gill nets of various meshes. The condition of th e  fish had  im proved; 
all b u t one were betw een 28 cm and  33 cm in length  and  all were m uch larger 
in g irth  th an  in 1967. S tom ach contents in 1967 contained 40 per cent by  
volum e te rrestria l insects and  o ther organism s and  60 per cent aquatic  
organism s, whereas stom ach contents in 1968 yielded 20 per cent terrestria l 
organism s and  80 per cent aquatic  organisms. M ost fish stom achs were com ­
paratively  em pty  in 1967 through 1968. Analyses of 1973 stom achs have not 
been com pleted. B enthic sam ples collected in 1967 yielded extrem ely few 
invertebrates, and  those were very  small ( <  4 mm). Samples collected in 
1973 ind icated  a substan tia l increase in biomass and  the  presence of m any 
large d ip teran  larvae (up to  22 mm).
D ISCUSSIO N
On the  basis of the  limnological features of the  two w aters and  their p h y to ­
p lank ton  p rim ary  production estim ates, it is likely th a t  zooplankton p ro ­
duction  and  biomass were near the  m axim a which could be expected, and 
th a t  some food m ust come from sources o ther th a n  phy top lank ton  produc­
tion. Because of the  slow grow th ra tes for the  crustacean zooplankters in 
these lakes, th e  differences betw een the  P /В  ra tios for the  zooplankton popu­
lations and  the  benthic com m unities are m uch lower th an  the  3- to  7-fold 
differences indicated  for some lakes in the  USSR (Alimov and  W inberg 1972, 
W inberg 1970). P h y to p lan k to n  production figures and  projected  secondary 
production figures (calculated as though bo th  waters contained fish) sup-
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TABLE 2
Grazing by D ia p to m m  tyrrellia in  Snow flake Lake and Teardrop Pond relative to phytoplankton renewal raten
Loeatior and date
Meanb phyto- 
biomass 
mg frw't m ~3
Calculated15 
phyto, renewal 
coefficient*1
Biomass change, 
dawn to sunset
Biomass*5 grazed, 
calculated
Copepoda numbers 
m -3
Biomass grazed 
copepod-1 (mg)
Mean® copepod 
body wt (mg)
% copepod body 
wt grazed per day
Teardrop Pond 
August 1969
47 21.2 X 2 949 9.0 X 104 0.0105 0.060 18
Teardrop Pond 
May 1970
61 13.2 X2 744 12.5 X 104 0.0059 0.035 17
Snowflake Lake 
July 1967
47 1.89 X l 89 1.25X104 0.0071 0.025 28
Snowflake Lake 
August 1967
15 3.00 XI 45 1.15 X Ю4 0.0039 0.053 7
Snowflake Lake 
August 1969
87 0.64 x l 56 2.0 X 104 0.0028 0.040 7
л D om inant crustacean p lank ter >  90% to ta l crustacean numbers; D. tyrrelli in both waters. 
b For upper 8 m in Snowflake Lake. 
c Calculated value (unpublished data).
'* Activity-coefficient X lO (N auw erck 1963).
TABLE 3
S u m m a ry  o f phytoplankton prim ary production , zooplankton biomass and production , and generation times
Location
Annual*
phyto.
production
Zooplankton*
ecolog.
efficiency
Zooplankton* 
prod, from 
phyto, 
(calc.)
Zooplankton* 
prod, other 
sources 
(est.)
Zooplankton* 
biomass 
(max. meas.)
Zoopl. P\B  
(est. min.)
Zooplankton 
gen. per year
Benthos* 
biomass 
(max. meas.)
Benthos P\B  
(est. min.)
Benthos 
per y
Snowflake Lake 764 6.2 47.4 i 6 52.7 1.2a 1 87 0.854 0.5
Teardrop Pond 
* k g frw th a —l.
828 6.35 52.5 45 32.4b 3.0C 2 177 1.5e 1
a Estim ate on basis o f 16% m ortality up to copepodid VI (Anderson 1972) and estim ates o f production 
from other sources (1967 data).
b Second generation only: 2nd generation m ortality estim ated a t  15%; 1st generation estim ated to be 85% 
(1969 data).
c Estim ated on basis o f combined m ortality  o f 50°,, and estim ates o f production from other sources.
(1 P/В  estim ate based on mean generation tim e of 2 years for benthic organisms in Snowflake Lake. 
e PI В  estimate based on mean generation time of 1 year for benthic organisms in Teardrop Pond.
p o rt th e  conclusion of Brylinski and  Mann (1973) th a t  the  production per 
u n it surface area will be very sim ilar from m orphom etrically  different waters 
which are alike in m ost o ther limnological characteristics.
The sm all percentage of organic m atte r in the  bo ttom  sedim ents of the  
tw o w aters indicates a  high overall trophic efficiency and  a high ra te  of n u ­
tr ie n t tu rnover. The sm all inpu t of nu trien ts  into the  lakes coupled w ith the  
export of nu trien ts  th rough  fish production could con tribu te to  a gradual 
decline in production, especially in Teardrop Pond.
The m axim um  fish production  which could be expected from either of 
th e  tw o w aters would be less th an  th a t theoretically  possible from  the 
com plete consum ption of the  in verteb rate  biom ass (H m; Table 4).
In  calculating th is m axim um , even organism s known to  be too sm all to  
serve as food for tro u t (except perhaps fingerlings) were included. The 
probability  th a t  abou t 30 per cent of the  fish d iet m ay come from  outside the 
lake ecosystem  was also tak en  into account. R eed and B ear (1966) found 
th a t  th is contribution m ay be even higher in alpine stream s. The optim um  
expected fish production was calculated on the  basis of ‘availab le’ food and 
P /В  estim ates for the  food organisms, no t sim ply on standing-crop biomass 
of food-organisms. In  sport-fisherm an’s language, the  projected  optim um  
annual yield from  Snowflake L ake would be equivalent to  fifty-five 450-g 
(one-pound) fish or one-hundred-ten 225-g (half-pound) fish, and  it is expect­
ed th a t  th e  yield from Teardrop P ond would drop from  the  equivalent of 
abou t fifty-five 225-g fish in the  first year to  a long-term  yield of 9 or 10 if 
th e  pond was stocked annually  (Table 4). The projected  decline afte r the 
first year is based on th e  expectation th a t large inverteb rate  species would 
be elim inated rapidly  in the  first year (cf. Anderson 1972) and th a t  standing- 
crop biom ass and production would be sim ilar to  Snowflake L ake per un it 
surface area afte r th e  first year.
The production  levels calculated for these tw o w aters seem ra th e r low, 
b u t are realistic com pared to  production figures for more eu trophic E uropean 
m ountain  lakes (Grimaldi and  N um ann 1972, R o th  and  Geiger 1972). R yder 
and  Johnson  (1972) estim ated  th e  m axim um  allowable annual yield of 
piscivorous Salvelinus namaycush from  a small, oligotrophic lake in O ntario 
to  be betw een 0.25 and  0.5 kg/ha, lim its com parable to  those assessed for 
non-piscivorous tro u t in Snowflake L ake and  Teardrop Pond. These au thors 
no ted  th a t  it  is no t uncom m on for 2 or 3 years’ accum ulated  production to  
be rem oved in  one d a y ’s spo rt fishing in such lakes.
Ind ications of recovery of the  benth ic com m unity in Snowflake L ake w ith 
th e  decline in fish num bers is evidence th a t  optim um  production  levels are 
easily exceeded and  th a t  over-exploited food-organism  populations are slow 
to  recover in alpine lakes. The im proved condition of the  individual fish in 
1973 is ano ther indication th a t  optim um  production is more likely to  occur 
w ith fewer fish in such oligotrophic lakes.
CONCLUSIONS
W hereas num bers of fish stocked have som etim es been based on expected 
survival ra tes as low as 1.5 to  6 per cent (e.g. M ottley 1939), it is expected 
here th a t  a t  least 60 per cent of fingerlings stocked in oligotrophic alpine
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TABLE 4
Projection of m axim um  and  optim um  sport-fish productiona from  Snow flake Lake
assessed from  P j f í  ratios and
Zooplankton Benthic fauna Factor0 Total kg/ha Total kg/lake
Snowflake Lake 4.2 7.0 X  L43 16.0 114.0
Teardrop Pond 
1st year 7.Sd 14.2 X 1-43 31.4 12.fi
Teardrop Pond 
2nd year 5.2 (?) 7.0 (?) X 1-43 14.7 7.0
» Using an  ecological efficiency o f 8%  based on freshweights.
b Assuming th a t the to ta l m axim um  invertebrate biomass would be available to the  iish.
w aters could survive and  grow to  a catchable size. Such a survival ra te  
could be expected because of im provem ents in m ethods of fish transfer (e.g. 
Nelson 1968, W ard  and  Cuerrier 1967), because cannibalism  would be 
m inim al in a  situation  where the  fish population  was num erically small, 
and  because p redation  by o ther anim als (e.g. loons, dragonfly naiads) is 
infrequent or non-existent in these high lakes.
Table 5 sum m arizes th e  stocking levels suggested for optim um  production, 
based on a  survival ra te  of 60 per cent and  on the  expectation  th a t annual 
production  would be regularly  removed. A lthough a 225-g fish is perhaps 
less desirable th an  2-kg ‘Junkers’ from  the  sport-fisherm an’s standpo in t, the  
sm aller fish is less cannibalistic, requires less of its food in take for m ain te­
nance, and  has a  g reater re la tive grow th in the  first two years. A few of 
these sm aller fish will undoubted ly  escape cap tu re in Snowflake Lake, resu lt­
ing in  a  more balanced population capable o f using th e  food resource more 
efficiently (cf. Raw son 1947). The m axim um  num bers given in Table 5 are 
based on th e  possibility of u tiliza tion  of the  en tire  standing crop in one
TABLE 5
S u m m a ry  of projected annual stocking levelsa for optim um  utiliza tion  of fish-food  
potentia l, and  projected fish yields
Stocking (fingerlings) Projected yield as 225 g fish per lake
Maximum (1 year) Optimum (long-term) Maximum, 
1 year only
Optimum, 
long term
No./ha No./lake No./ha No./lake
Snowflake Lake 115 835 25 185 500 n o
Teardrop Pond
1st year 230 90 (130?) (50?) 55 -
long term (130?) (50?) 35 15 - 10
a Expected maximum m ortality  o f 40% between hatchery  and harvest, and assuming th a t the annual iish 
production is harvested.
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and Teardrop Pond, based on total food present (H m)b or on 4available’ production ( H Q) 
standing-crop biomass determ inations
H0
Zooplankton Benthic fauna Factor0 Total kg/ha Total kg/lake
Snowflake Lake 0 2.4 X 1-43 3.5 25.0
Teardrop Pond 
1st year 5.2 7.1 X l.43 17.6 7.0
Teardrop Pond 
2nd year 0 3.5 (?) X 1-43 5.0 2.0
c Based on 1967-1968 data, up to  30% o f food organisms eaten  may originate outside the lake. 
d ls t-year to ta l estim ated a t  3 times m axim um  biomass o f D. tyrrelli (includes D. shoshone and E. intri- 
catus).
year, a situation  which would cause a sharp  drop in production thereafter. 
H igher fish populations would con tribu te to  lower fingerling survival be­
cause of bo th  p redation  on fingerlings and  decim ation of food organisms. 
Lower grow th ra tes and  poorer condition in the  fish would be the  result.
Because Teardrop P ond  freezes to  the  bo ttom  each year, only a pu t-and- 
take fishery would be possible. Furtherm ore, to  expect m axim um  grow th 
to  225 g in one season m ay reflect undue optim ism . A t expected yields of 
10 to  55 fish (legal daily  lim it for 1 to  5 fishermen in A lberta), i t  is question­
able w hether stocking is w orth th e  effort and  expense. The pond is p robably  
more valuable as a stu d y  site. Too rarely  have lakes been thoroughly  investi­
gated  before being stocked for the  first tim e, e ither for the  assessment of 
production po ten tia l or for determ inations of the  im pact of fish on the  n a tu ­
ral com m unities.
The standing  crop of crustacean p lank ton  seems to  be an  ind icator of the  
fish-food poten tial, even though th e  p lank ton  m ay not be utilized d irectly  
to  any g reat ex ten t in m any alpine lakes w ith stable fish populations. A nnual 
p rim ary  production also seems to  be a useful ind icator of sport-fish p roduc­
tion  po ten tia l in alpine waters, w hether fish are present or not. I t  seems 
likely th a t  p roduction per hectare will be fairly  constan t for m orphom etri­
cally different alpine w aters as long as o ther limnological conditions are 
similar.
*
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T H E  BIOMASS OF ZOOPLAN KTON IN  L A K E  BALATON
by
J. E . P O N Y I
BIOLOGICAL RESEARCH IN STITUTE OP T H E  HUNGARIAN ACADEMY OF SCIENCES,
TIH AN Y , HUNGARY
A num ber of d a ta  is available on th e  qualita tive  com position o f zooplankton. 
Since th e  investigations carried o u t by H aday  (1884, 1897) and  F rance (1894) 
a t  th e  tu rn  of th e  cen tu ry  the works of N áday  (1914), E n tz , jr. (1903, 1908, 
1927), E n tz  e t al. (1937), Sebestyén (1931, 1933, 1953, 1955, 1958, 1959, 
1960, 1964), Sebestyén e t al. (1951), V arga (1932, 1939, 1941) and  recently  
the  works of Ponyi (1965«, b, 1967, 1968), Ponyi and  Zánkai (1972), Ponyi 
e t al. (1968), P .-Zánkai and K ertész (1967) and  P .-Z ánkai and  Ponyi (1970, 
1971, 1972, 1973) are especially im portan t.
We have far less inform ation on the  q u an tita tiv e  changes o f zooplankton 
from  the  years preceding 1965. The m ajority  of d a ta  are concerned w ith th e  
open w ater in fron t of the  Biological R esearch In s titu te  of th e  H ungarian  
Academ y of Sciences (Entz et al. 1937, Sebestyén 1953, 1955, 1958, Sebes­
ty én  e t al. 1951). The first stu d y  by Sebestyén dealing w ith the  q u a n tita ­
tive changes of far-off areas of th e  lake was only published in 1960.
The biom ass d a ta  ob tained  so far in connection with Lake B alaton  refer 
exclusively to  p lank ton  living in  the  area in fron t of the  In s titu te .
The recognized investigation of L ake B alaton  s ta rted  in 1965 p lanned to  
continuously detect th e  qu an tita tiv e  and  qualita tive  tren d  of zooplankton 
mass referring to  the  whole lake. The horizontal d istribu tion  o f the m embers 
of the  zooplankton was the  m ain issue to  be investigated, the  vertical d is tri­
bu tion being not so significant on account of the  shallow w ater of Lake 
B alaton .
This lecture is concerned w ith some im portan t conclusions draw n from  the 
results of th e  investigations carried ou t in 1965 to  1967 on the  m ost signif­
icant anim al groups (R otato ria  and  Crustacea) from the  po in t of view of 
biomass.
COLLECTING PLACES A N D  METHODS
Samples were collected for five m onths in 1965, for seven m onths in 1966, 
and  for six m onths in 1967 a t  1 (in 1965) and  3 points (in 1966-67), of each 
of the  five transversal sections o f th e  lake (M, K , G, A, E; Fig. 1). The 
m onthly  collection of th e  sam ples was m ade w ithin tw o days in order to  
m ake a com parison bet ween the  far-off sections, too.
The R otifera  sam ples were tak en  with the help of the  Friedinger ap p a ra ­
tu s  from  depths of 0.3, 1, 2, 3 and, when possible, from  4 m etres. The one- 
litre  w ater samples tak en  from  different dep ths were poured together in
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order to  ob tain  more reliable average values for estim ation, subsequently , 
th e  m ixture was preserved w ith form alin; a fte r sedim entation th e  surplus 
w ater was rem oved by  the H entschel m ethod (Entz 1937). A fter having 
determ ined the  volum e of th e  condensed samples, one-th ird  and  one-fourth 
o f them  was exam ined, of which am ounts o f 1, 2 or 4 ml of sam ple were 
p ip e tted  in  each case in to  a 6 0 x 3 0  mm counting dish, then  in tu rn  each 
sam ple was counted under a  m agnification of X  130. This procedure depend­
ing on the  good parallels was repeated  3-6 times.
Fig. 1. Collecting places in Lake Balaton (for explanation o f sym bols see text)
The C rustacea collections were perform ed by  m eans of a water-colum n- 
scooping-filtering ap p ara tu s  devised by  Sebestyén (1960). The ap p a­
ra tu s  was lifted  th ree  tim es from  th e  bo ttom  to  th e  surface and  the  
filtra te  obtained  according to  th e  dep th  of w ater a t  th e  places of sam pling 
(3 m on an average) ranged betw een 86—125 litre. A fter repeated  shaking of 
th e  sam ples aliquots containing a t  least 1,000 specimens were tak en  from 
each sam ple for exam ination. Depending on the  density  of th e  individuals, 
portions of 1/3—1/6 of th e  sam ples were p u t into th e  counting vessel.
The volum e-values of R o ta to ria  biomass determ ined by  Sebestyén (1958) 
were used for calculation, nam ely those of th e  ‘forms of warm w ate r’ accord­
ing to  the  possibilities, since th e  sam ples had  been collected from  May to  
N ovem ber every  year. The specific weight of th e  anim als was tak en  as a 
un it, th e  biomass being expressed in  yg wet weight per litre.
The biom ass of crustaceans had  to  be determ ined p a rtly  d irectly  on the  
basis of d ry  weight. W here being impossible, e.g. in case of th e ir larvae, it  
was estim ated  according to  Sebestyén (1955) and  H all e t al. (1970).
R ESU LTS
Among th e  m ost frequen t rotifers of th e  lake (7 species) Polyarthra vulgaris, 
Keratella quadrata and  Pompholyx sulcata represent the  highest biomass 
values.
On th e  basis o f th e  average biomasses of th ree years, Polyarthra vulgaris 
is of th e  g reatest im portance showing a value of 8.3 in th e  K eszthely  B ay 
and  in its  surroundings and  16.0 yg per litre  in th e  o ther p a r ts  of th e  lake. 
Keratella quadrata and  Pompholyx sulcata display different d istribu tion  of 
biom ass in th e  tw o areas; th e  form er occurred in 7.9 yg per litre in the  samples 
tak en  from  th e  K eszthely  B ay and  from  its surroundings (segments M, K ), 
th e  la tte r  in 0.4 yg per litre. In  the  segm ents representing abou t tw o-thirds
216
TABLE 1
Q uantitative distribution of the most frequent rotifers along five transversal sections 
of lake B alaton ( figjl, biomass)
I
Collecting place
Date м + к G +  A +  E M + к G +  A +  E M + К G +  A +  E
Polyarthra vulgaris Keratella quadrata Pompholyx sulcata
1965 June 0.4 1.3 0.3 0.9 0 2.3
July 0 0 2.2 0.7 0 20.8
August 0 0 11.9 0 0 11.0
September 18.8 13.7 5.0 0.8 0 11.9
October 18.8 65.9 0.3 0.7 0 3.9
average 7.6 16.2 3.9 0.7 0 9.9
1966 May 7.7 35.2 1.1 3.0 0.1 14.6
June 9.1 2.2 33.5 1.3 5.3 17.4
July 1.2 11.1 11.0 1.3 0.2 16.8
August 3.6 21.0 17.0 2.7 0 20.1
September 13.8 9.9 15.9 1.5 0 5.3
October 29.0 43.2 11.0 4.9 0 2.3
November 2.4 7.3 0.5 2.8 0 0.2
average 9.5 18.5 12.8 2.5 0.8 10.9
1967 May 8.8 11.1 13.9 37.7 0.9 7.8
June 11.9 6.9 5.9 2.0 0.6 11.2
July 1.1 8.5 6.3 2.8 0.5 21.4
August 3.4 24.5 11.9 1.6 0 9.4
September 2.2 1 1.9 4.2 0.3 0 5.5
October 19.7 16.6 0.3 1.5 0 4.4
average 7.8 13.2 7.1 7.6 0.3 9.9
average of 3 years 8.3 16.0 7.9 3.4 0.4 16.2
of the lake (segments G, A, E), th e  form er (i.e. Keratella quadrata) showed 
3.5, while th e  la tte r  (i.e. Pompholyx sulcata) 10.3 yg  per litre  biomass value 
(Table 1).
The changes of th e  to ta l R o ta to ria  biomass can be seen in Fig. 2, nex t 
to  th e  biom ass-values of rotifers those of the  carnivorous crustaceans (Meso- 
cyclops leuckarti, Cyclops vicinus, Acanthocyclops vernalis, Leptodora kindtii) 
are shown. The changes of the R o ta to ria  biomass are no t always connected 
w ith those of the  carnivorous C rustacea (e.g. in a  few m onths in 1967).
B u t if th e  average biom ass of R o ta to ria  and  carnivorous C rustacea are 
com pared in a th ree-year period in tw o different areas of th e  lake, it will 
be seen th a t  th e ir biom ass values are in  inverse ra tio  to  each other. In  the 
M -)- К  area th e  average biomass of carnivorous crustaceans is 41 yg  per 
litre  (Mesocyclops to ta ls  9 yg  per litre  of th is value), th a t  of R o ta to ria  24 
yg  per litre. In  the  G -f A +  К area the  average biomass o f R o ta to ria  is 
42 yg  per litre, and th a t of the  C rustacea is only 26 yg  per litre  (M esocy-
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clops to ta ls  7 /ig per litre). Thus it can be supposed th a t  the  course of the  
different d istribu tion  of th e  dom inant R o ta to ria  species is determ ined by 
the  feeding activ ities of carnivorous C rustacea (Fig. 2).
System atic q u an tita tiv e  investigations of the  R o ta to ria  p lank ton  involved 
only th e  open w ater area in fron t of the  Biological In s titu te  (segment A) 
before 1965. The to ta l biom ass of R o ta to ria  continuously increased up to
ng/l biomass
Fig. 2. Changes in the to ta l biomass o f  R otatoria and 
carnivorous crustaceans in tw o areas o f  Lake B alaton
1951 in segm ent A (Table 2). Since th en  a stagnation  occurred instead  of a 
fu rth e r increase, the  reason of which is unknown.
Among planktonic C rustacea (9 species) in L ake B alaton, w ith regard  to  
biom ass value, Eudiaptom us gracilis, Cyclops vicinus, Diaphanosoma bra- 
chyurum, Mesocyclops leuckarti, D aphnia cucullata are o f th e  greatest im ­
portance.
The d istribu tion  of all biom ass of p lanktonic C rustacea sim ilarly to  R o ta ­
to ria  was different in th e  tw o areas of the  lake. W hile in th e  area m arked 
w ith  M -f- K , average biomass in a th ree-year period was 91-109 gg per 
litre, in th e  o ther areas it is 66-75 yg  per litre. This phenom enon can be con­
nected with th e  d istribu tion  of algal quan tity . As it can be seen in Fig. 3, 
th e  algal q u an tity  in segm ents M -f- К  is more th a n  a t  any  o ther place. 
The m onthly  changes of crustacean biomass in th e  segm ents are in some 
cases in accordance w ith changes in th e  num ber of individuals of algae 
(e.g. in 1965, in sections E , A and  G; and  in 1966 in sections E  and A), while 
in o ther cases th ev  are not. I t  can be supposed to  be due, especiallv in the  
M +  K  area, to  the  increasing num ber of C yanophyta (Aphanizomenon  
flos-aqnae var. klebahnii).
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TAULE 2
Quantitative changes of total planktonic Crustacea and Rotatoria in  the waters in  front 
of the Biological Research Institu te (transversal section ‘A ’)
Time of examination 
Year J Month
Crustacea ind./l 
average value
Rotatoria fig/l 
biomass
1936 May—June 25.6 6.5
1937 May—November 35.1 8.7
1938 May-November 43.5 12.1
1947 May—November 46.4 29.0
1949 May—November 50.9 8.4
1951 May—November 83.2 40.9
1955 July—August 49.7 —
1956 June 19.4 —
1958 June 17.0 —
1965 J une—N о vember 12.4 22.4
1966 May—November 12.9 42.0
1967 May-October 20.4 35.5
Alga
•— • Crustacea
6 7 8 9 Ю 5 6 7 8 9  10 11 5 6 7 8 9  1C
150
100
50
26(>330-340'270
/  \
^  E
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1965 1966 1967
Fig. 3. Changes in total biomass o f p lanktonic Crustacea 
and in the total number o f  algae
0
21 9
Figures 4 and  5 m ay indirectly  support these hypotheses indicating the 
qu an tita tiv e  proportions of filter-feeding and carnivorous crustaceans, those 
of C yanophyta and  o ther algae in th e  sections investigated  a t  th e  same time. 
In  May 1966, C yanophyta was sm all in num ber and  th e  num ber of ind i­
viduals of o ther algae gradually  decreased from section M to  section E ,
ng/l
biomass Crustacea
Fig. 4. Changes in planktonic Crustacea and in the tota l number 
o f algae, in five sections o f  Lake B alaton in May 1966
th u s th e  biom ass of filter-feeding and p redato ry  Crustacea also decreased 
(Fig. 4). In  th e  sum m er of 1966, in sections M and  К  water-bloom  of 
Aphanizomenon  occurred. In  th e  areas where th e  num ber of C yanophyta 
was high the  biomass of filter-feeding crustaceans, in com parison with 
th e  o ther areas, was significantly less (Fig. 5).
F igure 6 shows th e  one-year horizontal change of th e  average biom ass of 
filter-feeding and  carnivorous crustaceans. W hile in 1965 th e  biom ass of 
p redato ry  crustaceans was abou t 20 pg per litre, th a t  of the  filter-feeding 
crustaceans was th e  treble of it. In  1966, ap a rt from  section M, th e  situation  
was nearly  th e  same. In  the  subsequent year th e  biom ass of carnivorous 
crustaceans, especially of species of Cyclops, significantly increased and 
am ounted  to  th e  order of m agnitude of the  biom ass of filter-feeding cru sta­
ceans, i.e. significant changes took place in th e  trophic in terrelations of 
p lank ton  association.
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jug/l
biomass
Crustacea
Fig. 5. Changes in planktonic Crustacea and in the to ta l number 
o f algae, in five sections o f  Lake B alaton, in A ugust 1966
ugh
1965
1966 »—> filter-feeding
Fig. 6. Average biomass distribution of planktonic crustaceans 
in five sections of Lake Balaton
TABLE 3
Average quantitative distribution of more im portant p lanktonic groups and  some other 
components in  two areas of Lake  Balaton
M + K <} +  A + E Date References
Organic carbon content 
mg/l
6.42 5.36 July 1966 Felföldy et al. 
1970
Chemical 0 2- consumption 4.9 3 .8 July 1966 Felföldy et al. 
1970
Total-P (mg/m3) 8 6 .6 51.5 April—December 
1969
J anuary-F ebru - 
ary 1970
VITUK1 1972
Bacteria
( 105 cells/ml)
4.7 3.5 May—November 
1966 to 1970 Oláh, 1971
Alga (105 ind./l) 4.9 1.4 May—November 
1965 to 1967
Tamás 1967—1969
Rotatoria (pgf\ biomass, 
fresh)
24 42 May-November 
1965 to 1967
P.-Zánkai and 
P o n y i1973
Filter-feeding Crustacea 
(/Ligfi biomass, dry weight) 60 44
May—November 
1965 to 1967
Ponyi and
N.-Horváth 1973
Carnivorous Crustacea
(^g/l biomass, dry weight) 39 25
May—November 
1965 to 1967
Pony and
N.-Horváth 1973
Form er and  presen t d a ta  concerning the  num ber of individuals of c ru sta ­
ceans collected in identical periods in th e  area in fron t of th e  Biological 
Research In s titu te  can be com pared (Table 2). I t  was observed th a t the 
num ber of crustaceans had  been gradually  increasing from  1936 up  to  1951, 
w ith  a decrease since then . In  lack o f d a ta , conclusions on the whole Lake 
B alaton  cannot be draw n from  this instance.
D ISCU SSIO N  A N D  SUMMARY
R esults referring to  the  biom ass of R o ta to ria  and  p lanktonic C rustacea can 
be sum m arized w ith the  help of Table 3 as follows:
A great num ber of inflows running in to  L ake B alaton  get into sections M 
and  К  resulting in their degree of supply in n u trien t being higher th an  in 
o ther areas of th e  lake. Consequently, th e  q u an tity  of algae in th is area is 
significantly larger th an  elsewhere. This n u trien t basis prom otes existence 
of filter-feeding crustaceans in great quantities leading to  an  increase in 
population density . F o r the  inverse proportion of biomass value of p lan k ­
tonic rotifers and  p redato ry  crustaceans in the  tw o areas differing in w ater 
quality , th e  p redato ry  crustaceans seem to be responsible.
2 2 2
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Q U ANT I TAT IVE U N TERSU C H U  NGEN 
ZU R  NAHRUNGSAUSNUTZUNG D URCH E UI) IA P T  O.MU S
G R A C ILIS
von
N Ó R A  l ’.-ZÁN'KAI
BIOLOGISCHES FORSCHUNGSINSTITUT D ER UNGARISCHEN A KADEM IE DER 
W ISSENSCHAFTEN, TIHANY, UNGARN
Die Ernährungsbiologie von Eudiaptomus gracilis wurde schon früher u n te r­
sucht. Als erste  haben sich im Jah re  1961 M alow itskaja und  Sorokin m it der 
N ahrungsausnutzung dieser A rt beschäftigt. Sie haben die 14C-Isotopen- 
m ethode angew endet; als N ahrung dienten Scenedesmus, Aphanizom enon, 
Melosira und  Asterionella. Im  Ja h re  1971 p rü fte  Schindler die E rnäh rung  
von Eudiaptomus m it 11 verschiedenen Algen. Gleichzeitig wurde der E n er­
giehaushalt u nd  Populationsdynam ism us dieser K reb sart von K ibby  ein­
gehend un tersuch t. D a die beiden Forscher unterschiedliche Zielsetzungen 
h a tten  u nd  unterschiedliche M ethoden anw endeten, lassen sich ihre E rg eb ­
nisse n ich t m iteinander vergleichen.
U nser Ziel w ar die U ntersuchung des N ahrungsspektrum s von Eudiapto- 
mus gracilis, der im B alaton  das ganze J a h r  hindurch in dom inanter Menge 
lebt. Außerdem  wollten wir die optim ale N ahrungskonzentration bestim m en.
Die Versuche w urden vom Mai 1972 durchgeführt, u. zw. im Sommer nur 
im L aboratorium , im W inter sowohl im L aboratorium  als auch u n te r n a tü r­
lichen U m ständen, wie im folgenden ausgeführt wird.
Die als N ahrung verw endeten reinen Algenstäm m e stam m en aus der 
Algensamm lung von E . K ol bzw. von L. Felföldy. Die D iatom enstäm m e 
wurden uns von Dr. M arvan aus Brno bzw. von Dr. H indák  aus B ratislava 
zur Verfügung gestellt, wofür wir an  dieser Stelle herzlich danken. Die Algen­
stäm m e w urden einheitlich in der Stam m lösung nach K nopp-Pringsheim  
gezüchtet und nachfolgend m it m arkiertem  N aH 14C 03 behandelt. Die M ar­
kierungen waren von verschiedener D auer. Die Algen w urden dann durch 
ein M em branfilter (m it dem  Porendurchm esser von 0,2 //) so lange filtriert 
und  gewaschen, bis das F iltra t keine A k tiv itä t m ehr zeigte, u nd  die gewa­
schenen Algen wurden sodann in filtriertem  B alatonw asser suspendiert. 
Die A k tiv itä t und  der organische Kohlenstoffgehalt der au f diese Weise vo r­
bereiteten  N ahrung w urden vor jedem  Versuch bestim m t.
In  den Som m erm onaten, wenn die T em peratu r im L aboratorium  m it der 
des Balatonwassers gleich oder die Abweichung gering war, w urden die 
K rebse 2-3 S tunden lang bei L aborato rium stem peratu r ad ap tie rt. Im  W in­
te r  betrug  die A daptationszeit 24 S tunden bis zu 6 Tagen, in A bhängigkeit 
vom Ziel des Versuches. W urden die Versuche im See durchgeführt, kam en 
die Tiere aus dem  Sammelgefäß nach D urchspülen m it filtriertem  B alaton ­
wasser sofort in die Versuchsgefäße.
Die F ü tte ru n g  dauerte  2-22 S tunden (im L aboratorium  2-4, im See 
20-22 Stunden). Die verhältnism äßig lange Expositionszeit war erforderlich, 
dam it die A k tiv itä t der Krebse entsprechend hoch sei. W ie näm lich
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aus den Ergebnissen von Conover (1966) und  R ichm an (1966) hervorgeht, 
ist der Zusam m enhang zwischen der Assim ilation und  der Expositions­
dauer des Versuches n ich t signifikant. Die U ntersuchungen w urden m it der 
M ethode von Sorokin (1968) durchgeführt. Die K rebse erhielten zunächst 
m ark ierte N ahrung, dann  aber w urden sie 4 S tunden lang m it unm arkierten  
Algen gefü tte rt, dam it ihr D arm kanal von den ak tiven  Stoffen befreit sei. 
Nachfolgend wurde die eingebaute A k tiv itä t des K örpers bestim m t. F ü r 
die A usw ertung der Ergebnisse diente der von Sorokin beschriebene Assi­
m ilationsindex, der das V erhältnis zwischen der in 24 S tunden eingebauten 
N ahrung  un d  dem  organischen Kohlenstoffgehalt des K örpers darste llt 
(Ca/C%).
Die A k tiv itä t wurde m it der Szintillationseinrichtung fü r Flüssigkeiten 
U SB .2 gemessen u nd  der W irkungsgrad der Bestim m ung m it H ilfe eines 
inneren S tandards (Toluol) festgestellt. Bei der Bestim m ung der A k tiv itä t 
der Algen wurde a u f G rund der Ergebnisse von W ard und  N akanishi (1971) 
die Selbstabsorption unberücksich tig t gelassen. Die Selbstabsorption der 
ausgewachsenen M ännchen und  W eibchen von Eudiaptom us gracilis h in ­
gegen wurde m it Hilfe der V erbrennungsm ethode von G upta (1966) be­
stim m t. D er W ert des Selbstabsorptionskoeffizienten b e träg t 1,38.
D er organische K ohlenstoffgehalt der Tiere und  der Algen wurde durch 
nasse V erbrennung bestim m t (O stapenja 1965). Bei den Tieren fand  sich 
ein bedeutender U nterschied zwischen den in der W arm wasser- bzw. in 
der K altw asserperiode erhaltenen W erten. Zwischen dem 10. April und  
16. N ovem ber 1972 betrug  der durchschnittliche organische Kohlenstoff­
gehalt von 2389 Tieren 2,804 pg, w ährend 641 Tiere zwischen dem 19.
Ca/C0/.
30
20
10
Abb. 1. D ie A usnutzung verschiedener Algennahrung, N it. c. =  N itzsch ia  commu­
nis, Seen. o. — Scenedesmus obtusiusculus, Chloroc. i. =  Chlorococcum infusionum , 
Botr. m . =  B otrydiopsis minor, Chlorocl. m . =  Chlorocloster m inim us, Stich, b. =  
Stichococcus bacillaris, Chlor, py. =  Chlorella pyrenoidosa, Chlor, v . =  Chlorella 
vulgaris, Ker. c. =  Keratococcus caudatus
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Ja n u a r  und  10. April 1973 durchschnittlich  4,53 pg organischen K ohlen­
stoff erhielten.
In  Abb. 1 ist die m it A lgenarten durch Eudiaptomus gracilis erhaltene 
A ssim ilation dargestellt. W ie aus Abb. 1 hervorgeht, w urden am  besten die 
zu den Kieselalgen gehörende Nitzschia und  der zu den C hlorophyten gehö­
rende Scenedesmus eingebaut, w ährend der E inbau  der 2 Chlorella-Arten 
und  von Keratococcus der geringste war.
In  denV ersuchen wurden verschiedene F u tte rkonzen tra tionen  verwendet, 
die jedoch alle höher waren, als dies zur m axim alen Assim ilation erforder­
lich ist.
D er Tabelle 1 ist zu entnehm en, daß  die SD-W erte neben dem  Assim ila­
tionsindex in einigen Fällen niedrig sind, z. B. bei Botrydiopsis (22. Aug.), 
in anderen Fällen  sind sie aber hoch (Keratococcus, 31. Mai). In  der N a tu r 
liegt der G rund h ierfür wahrscheinlich in der ungewöhnlich hohen Algen­
konzentration  und evtl, im unterschiedlichen organischen K ohlenstoffge­
h a lt der Versuchstiere. L etz te rer ließ sich selbstverständlich  n ich t er-
TA BELLE 1
D ie A usnutzung verschiedener Algen durch E udiaptom us gracilis
Algenarten Datum
Temperatur 
des Balat on - 
wassers °C
Anzahl
der
Proben
Ca/C%
Kohlen­
stoffgehalt
des
E u d ia p to m u s
eg/c
Nahrungs­
konzentra­
tion
mg C/l
Keratococcus 29 5. 1972 18,5 12 3,88 +  1,27 2,6 2 ,0 8 -6 ,2 4
caudatus 31 5. 1972 18.3 12 3,72 +  1,81 2,7 2 ,3 1 -7 ,0 5
5. 6. 1972 21,2 10 2 ,3 9 + 1 ,2 5 2,5 1 ,7 2 -3 .4 5
Chlorella и 6. 1972 22,5 10 3 ,2 3 + 1 ,3 4 2,6 2 ,2 6 -5 ,0 9
pyrenoidosa 19 0. 1972 22 2 11 5,78 +  2,84 2 6 1,95—5,19
22 ß. 1972 23,5 10 4,97 +  2,19 2,9 1 ,6 6 -4 ,9 9
Scenedesmus 5. 7. 1972 21,0 11 2 1 ,6 0 + 5 ,0 5 2,9 1 ,7 6 -5 ,2 9
obtusiusculus 8. 8. 1972 22,5 10 22,00 +  3,39 2,9 1 ,6 1 -4 ,8 3
Botrydiopsis 22 8. 1972 16,0 11 1 6 ,6 3 + 1 ,8 6 2,7 1 ,9 3 -5 ,8 2
minor 29 8. 1972 18,5 8 17,33 +  4,14 2,7 1 ,43 -5 ,7 0
Chlorocloster 12 9. 1972 16,8 9 12,34 +  2,91 2,7 1 ,3 4 -6 ,0 3
m inimus 27 9. 1972 14,0 8 1 5 ,9 2 + 3 ,1 0 2,7 1 ,1 0 -5 ,5 0
Chlorococcum 17 10. 1972 10,2 5 2 2 ,7 7 + 6 ,1 1 2,5 4.15
infusionum 23 10. 1972 8,8 6 1 2 ,4 2 + 2 ,6 3 2,8 1,68-4,20-
2. 5. 1973 17,2 5 1 9 ,0 3 + 3 ,7 5 2,9 1,00
Stichococcus 24 10. 1972 8,8 6 8,21 +  1,46 2,8 2,88
bacillaris 3. 11. 1972 10,2 0 8 ,3 2 + 4 ,3 0 2,8 3,36
Chlorella vulgaris 10 1]. 1972 8,3 и 4 ,4 3 + 1 ,3 5 2,6 2,65
Nitzschia 25 7. 1973 21,5 3 32,75 3,7 0 ,5 4 -1 ,0 9
communis 17 7. 1973 20,0 3 35,56 3,2 0 ,4 7 -0 ,9 3
1. 8. 1973 21,5 4 27,50 3,2 0 ,4 7 -1 ,4 0
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m ittein . Die S tandardabw eichung beweist, daß bei der E rhöhung der 
K onzen tration  die Assim ilation weder ab- noch zunim m t, sondern um  einen 
konstan ten  W ert schw ankt.
D er Zusam m enhang zwischen der K onzen tration  des F u tte rs  und  der 
In ten s itä t der Assim ilation wurde gleichfalls un tersuch t. Zu diesen Versuchen 
w urden 4 A lgenarten verw endet: Scenedesmus, Nitzschia, Chlorococcum und 
Botrydiopsis. Die Versuche m it den beiden ersten Algen erfolgten im Som­
mer, m it den beiden letzteren  im W inter.
Ca/C°/o
Abb. 2. Abhängigkeit der N ahrungsausnutzung von der N ahrungskonzentration in
den Sommermonaten
Die optim ale N ahrungskonzentra tion  ist gem äß der Definition von Soro­
kin  (1968): »Subsequent increase in the  values of the  concentration does not 
significantly increase the  values of assim ilation. Thus the  la tte r  concentra­
tion  can be accepted as th e  lower end o f the  optim al range.«
In  Abb. 2 sind fün f in der Somm erperiode durchgeführten  Versuche darge­
stellt. Bei drei Versuchen dienten Nitzschia, bei zweien hingegen Scenedesmus 
als N ahrung. D er A ssim ilationsgrad nahm  bis zu r K onzen tration  von 
0,27-0,45 mg Alge C/l in allen Versuchen rasch zu. Ü ber dieser K onzen tra­
tion  wurden die K urven  flach und  erreichten bei 0,7—1,1 mg Alge C/l die 
Sättigung.
Die m it Chlorococcum und Botrydiopsis im W in ter durchgeführten  K o n ­
zentrationsversuche (Abb. 3) veranschaulichen viel deutlicher als die im 
Sommer durchgeführten  die T atsache, daß  die un tere Grenze der optim alen 
N ahrungskonzentration 0,3—0,4 mg C/l beträg t. Sie zeigen ferner, daß die 
S tandardabw eichung sogar bei höheren N ahrungskonzentrationen im W inter 
bedeutend kleiner ist als im Sommer. Vergleicht m an die im Sommer und im 
W inter erhaltenen Assim ilationsdaten, so sieht m an, daß die un tere  Grenze 
der optim alen N ahrungskonzentra tion  im W inter niedriger ist als im Som ­
mer. Ferner läß t sich feststellen, daß die obigen W erte in beiden Jah re s ­
zeiten höher sind als die entsprechenden W erte  im B alaton. Aus den D aten
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von H erodek und Tam ás (1973) geht näm lich hervor, daß  die K onzen tration  
der Algenbiomasse im offenen See bei T ih an y , woher die Tiere stam m ten , im 
W inter 0,5—1,0 mg/1 beträg t, im Sommer hingegen sogar 4—5 mg erreichen 
kann. Die untere Grenze der K onzen tration  ist also 3- bis 5mal größer als 
die im offenen W asser bestim m te Algenmenge.
Auch M alow itskaja u nd  Sorokin (1961) haben den Zusam m enhang zw i­
schen Assim ilation u nd  N ahrungskonzentra tion  bei Eudiaptomus gracilis 
un tersuch t, m it Chlorococcum-Mgen als N ahrung. Sie sind der Meinung, 
daß  » ...н о р м ал ьн ая  интенсивность питания диаптомусов наблюдается 
при величине биомассы водорослей 1 г/м3 и достигает оптимума при 4,84 г/м3.
Са/С°/.
Abb. 3. Abhängigkeit der Nahrungsausnutzung von der N ahrnngskonzentration  
zwischen 26. Februar und 18. April
Дальнейшее повышение концентрации корма оказывается малоэффектив­
ным.« R echnet m an diese W erte au f unsere C-Daten um , so folgt d a r­
aus, daß die Assim ilation bis zu 0,48 mg C/l zunim m t. Unsere in  der 
K altw asserperiode durchgeführten  Versuche bestätigen  die D aten  der so­
wjetischen Verfasser.
F erner wurde die N ahrungsausnutzung  m den verschiedenen Jahreszeiten  
un tersuch t. Als N ahrung  dienten Chlorococcum- und Botrydiopsis-Algen. 
W ie aus Abb. 4 hervorgeht, b e träg t der Assim ilationsindex von Eudiapto­
mus au f G rund der Versuche im Mai u nd  O ktober 18 ±  4,12% . Als N ahrung  
diente Chlorococcum. Im  W inter hingegen, wenn die Tiere n ich t ins L ab o ra­
torium  gebracht, sondern der Versuch wie oben beschrieben u n te r n a tü rli­
chen U m ständen  durchgeführt wurde, betrug  der Assim ilationsw ert n u r 
1,58%. N ach einer 6 bzw. 4 Tage dauernden A dap ta tion  u n te r L ab o ra to ­
rium sbedingungen (22 °C) erhöhte sich der Index  in geringem Maße (3,2%). 
Dieser W ert ist jedoch n u r etw a ein Sechstel der im O ktober und  Mai erhal­
tenen  W erte. Die Versuche beweisen also, daß  die T em peraturerhöhung
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zwischen 4 u nd  22 °C au f die Assim ilation von Eudiaptomus gracilis keine 
bedeutende W irkung ausübt.
D er U nterschied zwischen der Assim ilation im Som m er u nd  im W inter 
kann  n ich t eindeutig  e rk lä rt werden.
1. W ir nehm en an, daß  im B alaton zwei P opulationen dieser K reb sart 
Vorkommen. Im  Somm er ex istiert eine Population  m it sehr geringem F e t t ­
gehalt u nd  niedrigem  organischem  K ohlenstoffgehalt, w ährend die im W inter 
existierende Popu la tion  einen hohen F e tt-  und  K ohlenstoffgehalt besitzt.
Ca/C°/o
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Abb. 4. Nahrungsausnutzung durch E u d ia p to m u s  in verschiedenen Jahreszeiten
Angesichts des großen F e tt-  und  K ohlenstolffvorrats zeigen diese Tiere keine 
große F reß lust in bezug au f die A lgennahrung.
2. Infolge der niedrigen T em peratu r filtrieren sie nur kleinere W asser­
m engen und da die Algenbiomasse nach Tam ás im W in ter nur 0,5-1,0 mg/1 
b e träg t (also ein D ritte l des Somm erwertes), nehm en sie unbedingt weniger 
N ahrung zu sich. Die Assim ilation ist wahrscheinlich deshalb niedriger.
N ach der A dap ta tion  nim m t der F iltra tionsgrad  und  daher auch der 
E rnährungsgrad  der Tiere zu, wie dies aus L ite ra tu rd a ten  hervorgeht. E ine 
4- bis fltägige A dap ta tion  ist jedoch verm utlich  zu kurz, die Tiere können 
ihre F e ttv o rrä te  nicht so schnell abgeben und  dadurch  zu einem  besseren 
A ppetit gelangen.
K ibby  (1971) un tersuch te  die E rnährungsverhältn isse von Eudiaptom us  
bei unterschiedlichen T em peraturen u nd  stellte  fest, daß sich der F iltra ­
tionsgrad m it der T em peratu r ändert . D er prozentuale W ert der Assim ila­
tion  zeigte jedoch zwischen 5 und  20 °C keinen U nterschied, wenn Chlorella, 
Scenedesmus, Diplosphaeria oder An leist rodesmus als N ahrung dienten.
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INTRO DUCTIO N
In  au tum n  1961, our hydrobiological researches were perform ed a t  Lake 
Castoria in Aegean M acedonia (Greece) in th e  fram e of th e  scientific investi­
gation o f th e  Hydrobiological In s titu te  a t  Ohrid.
The purpose of these investigations was to  analyse th e  d istribu tion  and  
th e  characteristics of bacterioplankton, phy top lank ton  and  zooplankton in 
th is lake.
The present L ake Castoria is w hat is left of a m uch bigger and  deeper lake 
which had a surface of 164 km 2 and  dep th  of 50 m. Now th e  w ater su r­
face is kidney-shaped and  covers an  area of 27.88 km 2 (Fig. 1). M aximum 
dep th  of the  Lake is 10.4 m w ith an average dep th  of 3.56 m (Cvijic 1911). 
I t  is a  eutrophic lake.
M ATERIAL A N D  M ETHODS
The m aterial for these investigations was tak en  a t  one fixed sta tion  in the  
pélagial zone of the  lake a t a m axim um  dep th  of 8 m and from different 
layers (0, 1, 2, 3, 4, 5, 6 and  7 m).
The sam ples of lake w ater for bacteriop lankton  were collected w ith an 
aseptic modified ZoBell sam pler (Ocevski 1966). The m ud sam ples for the  
benthic bacterial com m unities were taken  
from the  bottom  with a  Jenk in  surface 
m ud sam pler (M ortim er 1941).
The p h y top lank ton  sam ples were collect- \  \ _^
ed w ith R u ttn e r  ty p e  w ater sam plers, 
while the  zooplankton w ith p lank ton  nets 
No. 17.
The to ta l num ber of bac teria  was coun t­
ed with the  standard ized  procedure of the 
m em brane filter m ethod, using M F No. 2 
(USSR) and  with the  help of a m icro­
scope th e ir form, s tru c tu re  and volume 
were investigated .
The num ber of heterotrophic and  an ­
aerobic bac teria  was counted by  th e  p late  
counting procedure on m ud ex trac t media 
(Ocevski 1966).
The num ber and d istribu tion  of p h y to ­
p lank ton  were studied by standardized
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Fig. 1. Lake Castoria 
(Cvijic ] 911 )
procedures (Kozarov 1954, 1957). The m axim um  density  of the  phy to ­
p lank ton  population in th e  au tum n  of 1961 is represented by an average 
q u an tity  of individuals in  one ml of water.
F o r the  determ ination  of th e  spatial d istribu tion  of q u an tity  and  quality  
o f zooplankton the  standard ized  technique was applied (Serafim ova-Had- 
zisce 1957). The density  of the  zooplankton population is represented by an 
average q u an tity  of individuals in 1 m 3 of water.
A t th e  sam e tim e some ecological conditions of th e  lake were m easured 
as, e.g. transparence, tem peratu re, pH , oxygen, SiOa and  H C 03.
R ESU LTS
Ecological conditions
T he colour o f the  lake was brown. This phenom enon is a ttr ib u ted  to  the 
p lank ton  algae Ceratium hirundinella  (Stankovic 1951). T ransparence of the  
w ater, m easured by Secchi disk, a t  2 p .m . was 1.40 m. The tem p era­
tu re  of lake w ater from the  surface to  the  bo ttom  ranged between 22 °C 
(in th e  surface layer) and  18 °C (at the  bottom  layer), dem onstrating  th a t  
in the  w ater of L ake Castoria there were very  slight tem peratu re  differences 
indicating tem peratu re  stratification.
The dissolved oxygen con ten t and  the presence of H C 03 and  Si( in the  
lake w ater (Table 1) illustra te  the  slightly  chemical stratification.
TABLE 1
Tem perature, pH , oxyqen, HCO„, GO» and S iO , at different depths in  the water of Lake
Castoria (30.9.1961)
Depth, m temperature, °C pH Oxygen saturated, per cent
HC03, 
mg /1
CO„
ing/l
SiO„
mg/1
Surface 22.00 8.8 156.48 144 1.5
j 21.00 8.6 150.48 146 — 1.8
2 20.50 8.5 103.81 147 — 2.2
3 19.50 8.5 28.49 147 — 1.7
4 19.00 8.1 65.04 147 2.505 1.8
5 18.00 7.7 56.87 147 3.132 1.65
6 18.00 7.7 15.67 147 3.132 1.8
The oxygen sa tu ra tio n  am ounted  from 156.48 per cent (surface) to  15.67 
per cent (at a dep th  of 6 m) of the  norm al values. A t a d ep th  of 3 m the 
absence of free C 02 from th e  lake w ater was recorded. In  the  layers a t  depths 
o f 4 to  6 m th e  free C 0 2 con ten t ranged from  2.505 to  3.132 ml per 1 o f water. 
The p H  ranged from 8.8 to  7.7 w ith a m axim um  a t th e  surface.
Bacterioplankton
In  L ake Castoria th e  to ta l num ber of microscopically determ ined bacterial 
p lank ton  was ra th e r high (Fig. 2). In  the  lake w ater the  num ber of bacteria  
ranged from 2,162,000 to  4,583,800 in 1 ml w ith a m axim um  in th e  layer 
a t  a d ep th  of 2 m.
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Lake m ud at a d ep th  of 7.50 m was richer in bacteria  th an  the  lake w ater 
itself. In  th e  active p a r t of the  m ud layer (0-1 cm), th e  num ber of bacteria 
am ounted  to  3,646,579,000 per ml of crude lake mud, b u t in  th e  deeper p a r t 
of the  m ud (3-5 cm) the  num ber of bacteria  increased to  4,087,036,000 per 
ml o f crude m ud. Down in the  lake m ud th e ir num ber decreased w ith depth . 
The m inim um  num ber of bacteria  was found a t  a d ep th  of 16-20 cm 
(1,854,013,000).
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Fig. 2. Vertical distribution of bacterioplankton in the water (number per ml of water), 
and baeteriobenthos in the mud (number per cm3 of mud) in Lake Castoria (30.0.1961 )
According to  our microscopical observations the  rod forms dom inated 
over cocci, bo th  in the lake w ater and  in the  m ud (Table 2). The num ber 
of rod forms in the w ater ranged from  91.94 per cent to  97.84 per cent while 
th a t  of the  cocci from  2.16 per cent to  8.06 per cent. The m ud of Lake 
C astoria contained the  cocci-form bacteria  in a som ewhat sm aller num ber 
(0.12-0.47 per cent) th an  the  lake water, b u t som ew hat more rod forms 
(99.53-99.88 per cent).
The average biomass of cocci was 0.055 ця and  th a t of rod-shaped bacteria 
2.61 /г*. The to ta l biomass of bacteria  in the  lake water, from the  surface 
layer to  the  bo ttom , varied  from 5.43 to  11.34 mg per 1. In  th e  m ud their 
to ta l biomass ranged from  4.65 to  10.17 mg per ml of crude m ud (Table 3).
H etero trophic bac teria  in L ake Castoria were no t found in large am ount. 
In  the  layers of the  lake water, from surface to  a dep th  of 5 m, th e ir num ber 
varied  from  1,250 to  2,800 per ml of w ater (Fig. 3). In  th e  con tac t zone of 
w ater w ith m ud their num ber still increased (from 19,300 to  21,500 bacteria  
per ml of water).
The lake m ud contained p len ty  of heterotrophic bacteria, w ith a m axim um  
in the  layer o f m ud from  the  depths of 3-5 cm (5,057,500 bac teria  per ml of 
crude m ud). This m axim um  was probably  caused by the  developm ent of
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TABLE 2
Relative percentage of m a in  morphological groups of 
bacteria in  Lake Gastoria (30.!). 1961 )
Morphological group
cocci rods
Water depth, m
0 - 1 3 .0 4 9 6 .9 6
2 2 .1 6 9 7 .8 4
3 .5 .30 9 4 .7 0
4 6 .61 9 3 .3 9
6 8 .0 6 9 1 .9 4
7 2 .8 1 9 7 .1 9
7 .1 5 3 .7 0 9 6 .3 0
7 .3 0 5 .3 3 9 4 .6 7
7 .4 .5 -7 .4 8 7 .0 3 9 2 .9 7
Mud depth, cm
0 -  1 0 .3 3 9 9 .6 7
3 -  5 0 .4 7 9 9 .5 3
7 - 1 0 0 .3 7 9 9 .6 3
1 2 - 1 5 0 .3 9 9 9 .6 1
1 6 - 2 0 0 .1 2 9 9 .8 8
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3. V ertical distribution o f heterotrophic (aerobic) (a) and anaerobic bacter 
(b) per m l in Lake Castoria (30.9.1961)
TABLE 3
Biom ass of bacterioplankton in  the lake water and hacteriobenthos in  
the crude mud of Lake Castoria (30.9 .1961)
Biomass of bacteriobenthos, mg per 1 of water
cocci rods total
Water depth, m
0-1 0.007 9.67 9.677
2 0.012 11.38 11.392
3 0.008 6.85 6.858
4 0.011 7.12 7.132
6 0.011 6.15 6.161
7 0.003 5.49 5.493
7.15 0.004 5.43 5.434
7.30 0.009 7.64 7.649
7.50 0.017 8.08 8.098
Biomass of bacteriobenthos, mg per ml of mud
cocci rods total
Mud depth, cm
0-  1 0.006 9.196 9.202
3 - 5 0.010 10.159 10.169
7-10 0.002 8.207 8.209
12-15 0.004 5.186 5.190
16-20 0.003 4.651 4.654
facultative-anaerobic bacteria . In  deeper layers th is am ount decreased 
ten  tim es (500,000 bac teria  per ml crude m ud). Down to  the  20 cm layers 
its num ber decreased 32 tim es (160,000 bacteria per ml of crude mud).
Anaerobic bac teria  in the  lake w ater of L ake Castoria were very small. 
However, from  th e  surface of th e  lake w ater to  a  dep th  of 5 m th ey  were 
not found to  be present. In  the  con tac t zone of w ater with m ud, th e ir num ­
ber varied from  170 to  467 bacteria  per ml of w ater. The lake m ud contained 
fa r more anaerobic bacteria . D ow nw ards in th e  s tra ta  their num ber increased 
(from 5,250 to  15,600 anaerobic bac teria  per ml o f crude m ud) (see Fig. 3).
According to  G ram ’s staining m ethod, the  G ram -negative bacteria, from 
the  lake w ater, represen ted  77.78 per cent, the  Gram -positive 20.37 per 
cent and  the  G ram -variable 1.85 per cent. The G ram -negative bacteria , from 
th e  m ud am ounted  to  28.54 per cent, the  G ram -positive to  67.50 per cent, and 
the  G ram -variable to  3.96 per cent.
Actinomycètes, yeast-like cells and fungi
In  L ake Castoria there  was an  abundance of actinom ycètes and  yeast-like 
cells. Fungi were found only in the  lake w ater from  the  surface to  a dep th  
of 4 m.
In  the  lake w ater th e  num ber of actinom ycètes ranged from  7,170 to  
16,380 per ml of w ater. Down in th e  lake mud, in the  active p a rts  (0-10 cm),
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th e  actinom ycètes a tta in ed  a  m axim um , i.e. 4,007,000 per ml of crude mud. 
In  the  deeper layers th e ir q u an tity  decreased by h a lf (Fig. 4).
Y east-like cells were found in all layers of the  lake w ater as well as in the  
m ud. Their q u an tity  varied from 5,100 (surface) to  26,500 per 1 ml of 
w ater in a  6-m deep layer. In  the  m ud up to  307,300 cells per 1 ml of crude 
m ud were found (a t a dep th  of 0 to  5 m).
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Fig. 4. V ertical distribution o f actinom ycètes (a), yeast-like cells (6), and fungi (c) 
per m l of water, and cm 3 o f m ud in Lake Castoria (30.9.1961)
Fungi appeared very  rarely  in th is lake. Their m axim um  was recorded in 
the  surface w ater (1,940 per 1 ml of w ater), in a 4-m deep layer th e ir num ber 
decreased 10 tim es. Down to  a  d ep th  7.5 m as well as in th e  m ud they  
were absent.
Phytoplankton
W ith th e  qualita tive  observation of phy top lank ton  in Lake C astoria the  
following species were identified:
C yanophyta
Microcystis aeruginosa Kg.
Microcystis flos-aquae (W ittr.) K irchn.
Chroococcus limneticus var. distans Sm idt.
Coelosphaerium kuetzingianum  Naeg.
Anabaena spiroides K leb.
Anabaena sp.
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Phormidium mucicola N aum , et Pestall 
Oscillatoria limnetica Lemm.
Lyngbya contorta Lemm.
Lyngbya limnetica Lemm.
a. Chrysophyceae
Dinobryon divergens Im hof 
Dinobryon sp.
C hrysophyta
b. D iatom eae
Melosira qranidata (E) Ralfs
Melosira granulata var. angustissima Müller
Melosira sp.
Cyclotella sp.
Cyclotella ocellata P an t.
Synedra ulna (Nitsch.) E hrenb.
Synedra sp.
Cocconeis disculus (Schum). Cl.
Nitzschia sp.
Gyrosigma attenuatum (K ütz.) R abenh.
Gomphonema constrictum E hr.
Tabellaria sp.
Surirella sp.
E uglenophyta
Phacus pleuronectes (0 . F. Müller) Duj.
Phacus sp.
Euglena sp. (two species)
P v rro p h y ta
Ceratium hirundinella (O. F . Müller) Schrank 
Peridinium  sp.
Gymnodinium  sp.
C hlorophyta
I . Chlorophyceae
a. Vol vocales
Pandorina morum B ory 
Eudorina elegáns Ehrenberg
b. Protococcales
Pediastrum boryanum (Turp.) Menegh.
Pediastrum boryanum var. granulátum (Kützing) Al. B raun 
Pediastrum clathratum (Schroeter) Lem m erm ann 
Pediastrum duplex Meyen 
Pediastrum simplex (Meyen) Lem m erm ann
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Pediastrum  sim plex  var. radians Lem m erm ann 
Pediastrum tétras (Ehrens.) Ralfs 
Tetraedron limneticum  Borge 
Scenedesmus quadricauda (Turp.) Breb. 
Scenedesmus obliquus (Turp.) K ütz .
Scenedesmus sp.
Coelastrum microporum  Naegeli 
Coelastrum astroideum  De N otaris
2. Conjugatae 
Closterium  sp.
Cosmarium  sp. (three species)
Staurastrum  sp.
The list of algae is no t com plete because there is no possibility to  follow 
up the  seasonal changes and  the  successive sequences of individual species 
o f p lankton . Our investigations and  analyses of th e  results ob tained  have 
shown th a t  in the  au tum n  of 1961 the groups of C hrysophyta, Chlorophyceae 
and  C yanophyta dom inated in the  species in Lake Castoria. The taxonom ic 
groups of E uglenophyta including four species (of which one Phacus and  
two Euqlena being present in a small num ber were not identified), as well 
as P y rro p h v ta  and  especially the  species belonging to  Desm idiacea. The spe­
cies of genera Closterium, Cosmarium  and  Staurastrum  of desmids were not 
identified. I t  is well known th a t  the  seasonal changes of green algae and  Des- 
midiaceae, as well as th ree representatives of the above-m entioned group of 
P y rro p h y ta , occur in the  sum m er m onths. The species of Desm idiaceae appear 
in relatively  g reater am ounts from the  beginning of sum m er to  the  begin­
ning of au tum n  in o ther M acedonian lakes of Y ugoslavia (Kozarov 1957, 
1958, 1959). The species from  th e  group of C yanophyta usually  developing 
more intensively in au tum n  are no t characterized by a m ore intensive devel­
opm ent. The num ber of th e  different species of this group is p robably  greater 
th an  it was during our visit to  L ake Castoria, because w ith some exceptions, 
th e  species of C yanophyta m ay be regarded as the  tru e  autonom ic p lankton 
(Pearsall 1930/1932). '
E u troph ic w aters like L ake Castoria are very rich in phy top lank ton . 
In  such w aters, as a rule, w ater bloom appears. B u t, in October 1961, it 
d id  n o t appear, and  the  phy top lank ton  was characterized by a dom inance of 
the  taxonom ic groups of algae Chrysom onadinae (one unidentified species !) 
as opposed to  the  blue-green and o ther groups of algae. The q u an tita tiv e  
value of all o ther taxonom ic groups of algae falls behind the  am ounts of 
Chrysom onadinae being very  im p o rtan t especially in contribu ting  to  the 
am ount of the  to ta l mass of phytop lank ton . The percentage o f the  different 
groups of the  phy top lank ton  during our investigations was as follows: 
C yanophyta 1.21 per cent, Chrysom onadinae 79.13 per cent, D iatom eae 
14.00 per cent, P y rro p h y ta  4.13 per cent, E uglenophyta 0.45 per cent, 
Protococcales 0.66 per cent, Desm idiaceae 0.50 per cent.
Considering the  d istribu tion  o f algal species it is possible to  record certain  
differences in the  d istribu tion  of th e  population density  of the  individual
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p lanktonic algae. Between the  blue-green algae, Lyngbya limnetica, Lyngbya  
contorta, Oscillatoria limnetica  and  Anabaena  show more dense populations, 
b u t th e ir vertical d istribu tion  is characterized by a larger population  of 
a  g reat num ber of individuals in the  upper layers of the  lake water. Sim ilar 
vertical d istribu tion  was observed in the  case of Chrysom onadinae and  P yr- 
ro p h y ta  and  E uglenophyta algal species. However, a com plete absence of 
th e  individuals o f th e  above-m entioned algal species was recorded from  a 
d ep th  of 5 to  7 m etres which was probably  due to  the  developm ent of o ther 
taxonom ic groups of phy top lank ton  and  to  some écologie factors in the  lake 
water.
Several representatives of 0 
p lanktonic algae of D itom eae 
(.Melosiro sp., Synedra. Gyrosigma) 
and Protococcales showed re la­
tively  higher population density  in 
the  w ater layers being nearer to 
th e  lake bo ttom . C ertain P ro to ­
coccales species of algae (Pedia- 
strum duplex, Scenedesmus qua- 
dricauda, Tetraedron limneticum) 
were also observed sporadically 
in the  u pper w ater layers from a 
d ep th  of 0 to  4 m etres. In  con­
tra s t  th e  representatives of the  
planktonic algae of Desmidiaceae
appeared  from the  surface to  the  bo ttom  of the  lake. A sim ilar vertical 
d istribu tion  of th e  planktonic algae was observed in au tum n  in Lake 
D ojran, Y ugoslavia (Kozarov 1958).
The vertical d istribu tion  of th e  to ta l phy top lank ton  is characterized by 
an  abundance in the  surface w ater decreasing w ith  depth . So in the  surface 
w ater th e  num ber of phy top lank ton  individuals was 4,222 per ml of w ater 
(Fig. 5). In  th e  deeper p a r t of th e  lake w ater th e  num ber of phy top lank ton  
individuals was as follows: a t a  d ep th  of 1 m etre  2,537, a t 2 m etres 1,049 and 
in the  layers between 4 and  3 m etres it varied from  1,302 to  2,027 ind. per ml 
o f water. Down to 7 m etres the  num ber of p h y top lank ton  individuals 
decreased to  800 ind. per ml o f water. I t  is very  in teresting th a t  the  least 
q u an tity  of individuals was found a t  the  dep th  of 5 m etres (141 ind. per 
cm 3 of w ater). All th is shows th a t  the  phy top lank ton  in the  lake w ater is 
stratified , the  num ber of phy top lank ton  individuals decreasing w ith depth .
The m axim um  density  in October 1961 was characterized by  an average 
q u an tity  of 1,557 ind. per cm3 of w ater which also points to  th e  production 
o f the  eutrophic type.
Fig. 5. V ertical distribution o f  phytoplankton  
in the water o f Lake Castoria (number per m l 
o f water; 30.9.1961)
Zooplankton
The zooplankton of L ake Castoria was very  ab u n d an t in the  period of our 
investigations (Septem ber 1961). The list below shows th a t  R o ta to ria , which 
are represented w ith 18 species and  1 varie ty  belonging to  13 genera, dom i­
n a te  qualitatively . More of them  are cosmopolites and  are characteristic of
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eutropüic waters. A fter th a t  come Cladocera represented by two species and 
finally Copepoda, Mollusca and  Insecta, each being represen ted  by  only 
one species.
The list of the  zooplankton of L ake Castoria is as follows:
R o ta to ria
Asplanchna priodonta Gosse 
Ascomorpha ecaudis P e r ty  
Triart hr a longiseta E hrbg.
P olyar thru trigla E hrbg.
P. euryptera W ierzejski 
Diurella sty lata E yferth .
Trichocerca capucina (Wierz. and  Lach.) 
Tr. pusilla (Jennings)
Tr. birostris (Minkiwicz)
Pompholyx complanata Gosse 
Keratella cochlearis (Gosse)
К. quadrata var. curvicornis Ehrbg. 
Anuraeopsis fissá (Gosse)
Notholca longispina (Kell.)
N . striata (Éhrbg.)
Ploesoma truncatum  (Lev.)
Conochiloides dossuarius (Hudson) 
Pedalion mirum  (Huds.)
Cladocera
Diaphcmosoma brachyurum (Lievin) 
Daphnia longispina 0 . E. Müller
Copepoda
Thermocyclops hyalinus (Rehberg)
Insecta
Chaoborus crystallinus De Geer
Mollusca
Dreissena polymorpha Pallas
We believe th a t  th e  m esh allowed to  pass some tin y  R o ta to ria  and  P ro ­
tozoa, which would certain ly  enrich th e  zooplankton composition.
Analysing and  com paring th is list w ith th e  zooplankton list of the  o ther 
lakes belonging to  th e  Aegean lake zone (Serafimova-Hadzisce 1973) we 
have arrived a t  th e  conclusion th a t  more of the  represen tatives of R o ta to ria  
(Asplanchna priodonta, Trichocerca capucina, Trichocerca birostris, Pom- 
pholix complanata, Notholca longispina) can be found only in th e  neigh­
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bouring lakes O strov and  Petersko, b u t n o t in th is s itu a ted  a t  th e  eastern  
p a r t  of V ardar. The sam e is th e  case w ith Thermocyclops hyalinus and  Dreis­
sena polymorpha.
E ven in a qu an tita tiv e  respect (expressed in num ber of ind. per 1 of water) 
R o ta to ria  is the  dom inant com ponent. Among them  the  following are p a r­
ticularly  frequent -.Polyarthra emiptera, Polyarthra triyla, Keratella cochlearis 
and Anuraeopsis fissá. These four species are dom inant p lanktonic elem ents 
during Septem ber. The following figures characterize them : Polyarthra 
euryptera 64 ind. per 1 of w ater; Polyarthra trigla 263 ind. per 1; Keratella 
cochlearis 52 ind. per 1 and  Anuraeopsis fissá 294 ind. per 1. A fter them  come 
Ascomorpha ecaudis, Asplanchna priodonta, Keratella quadrata and  Pedalion 
mirum  ranging from 0.8 to  15 ind. per 1 of water, while th e  o ther rep resen ta­
tives o f R o ta to ria  are represented by individual specimens of th e  
samples.
Polyarthra euryptera, Polyarthra trigla and Anuraeopsis fissá are  in a 
stage o f intensive m ultiplication. A bout 40 per cent of th e  pojm lations of 
these species lay eggs.
From  Cladocera th e  predom inant is Daphnia longispina, on th e  o ther 
hand, Diaphanosoma brachyurum is represented only in th e  individual spe­
cimens. Only a small num ber of Daphnia laid eggs in laying hole.
The only represen ta tive of Copepoda, Thermocyclops hyalinus, appears in 
all nauplius and  copepodid stages and m ale and  female adults, too. The 
to ta l num ber of nauplius, copepodids and adu lts is 83 ind. per 1 of water. 
Among them  nauplii stages I, II , I I I  dom inate as well as copepodid stage I I I .  
Among the  adults females predom inate more of which lay eggs. The average 
num ber of eggs per female is 20.
Dreissena polymorpha in th is period is represented only by individual 
specimens. However, according to  research m ade by S tankovic (1951), 
Dreissena is a dom inant form am ong molluscs in th e  fauna a t  the  bo ttom , 
and  the  shells of Dreissena form a clear shell zone, thus being a significant 
com ponent of the  p lank ton  a t  th e  period of reproduction.
A lthough we encountered only single specimens of Chaoborus crystallinus, 
in th e  p lankton , the  presence of th is species is im p o rtan t because, according 
to  investigations m ade by  Stankovic, th is species plays a very  im portan t 
role in th e  fauna a t  th e  bo ttom  of the  lake.
I t  is difficult, alm ost impossible, to  draw  definite conclusions and  m ake a 
com parison on the basis of the  q u an tita tiv e  d a ta  from  one collection. H ow ­
ever it would be in teresting to  com pare our num erical d a ta  w ith sim ilar ones 
of th e  o ther lakes belonging to  the  Aegean lake zone.
The plankton  production of L ake D ojran  was studied by Popovska- 
S tankovic in 1954. According to  her d a ta , Cladocera and  Copepoda 
are the  dom inant com ponents of zooplankton th roughou t th e  year, on the  
o ther hand, R o ta to ria , w ith  the  exception of A ugust, when being no t found 
in th e  p lankton , represen t small quan tities expressed in percentage. They 
reach th e ir m axim um  in Jan u a ry  partic ipa ting  w ith 13.34 per cent of the  
to ta l zooplankton.
In  L ake Castoria, on the  o ther hand, a t  th e  tim e of our investigations, 
R o ta to ria  were dom inant being represented by  86.74 per cent, followed by 
Copepoda w ith 13.20 per cent, Cladocera w ith 0.04 per cent, Insecta  with 
0.01 per cent and  Mollusca w ith 0.01 per cent.
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Our num erical d a ta  com pared with those o f Popovska-S tankovic are sev­
eral tim es greater.
F igure 6 shows th a t  basically the  m ost im portan t am ount of p lank ton  is 
found in  the  upper two m etres of the  water.
The correlation betw een bacteriop lankton , phy top lank ton  and  zooplank­
ton  in the  w ater of L ake Castoria is highly ev ident (Fig. 7). There was a 
m axim al q u an tity  of phy top lank ton  as well as zooplankton in the  layers
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Fig. 6 . Vertical distribution o f  zooplankton  
in the w ater o f  Lake Castoria (number 
per 1 o f  water; 30.9.1961)
F ig. 7. The correlation o f  bacterioplankton, phytoplankton and zooplankton in Lake 
Castoria (30.9.1961). B acterioplankton is given  in term s o f  number XlO3 per m l 
phytoplankton as number per ml and zooplankton as number per 1 o f  water
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from  th e  surface up to  1 m, b u t bacteriop lank ton  decreased a t  th a t  dep th . 
The m axim um  of th e  bacteriop lankton  was found a t  a dep th  of 2 m where 
phy top lank ton  and zooplankton were decreasing in num ber. In  th e  layers 
from  3 m to  7 m, all populations were m inimal.
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INTRODUCTION
L ake Velence is one of the  m ost in teresting E uropean represen ta tives of 
large, shallow lakes. I t  is th e  th ird  largest lake in  H ungary , lying 106 m 
above sea level, extending some 10.5 km  N E  to  SW, w ith an  average w idth 
o f 2.5 km ; its average d ep th  is betw een 1 and  2 m. The surface area is 26 km 2, 
o f which 64 per cent is reedy, while a  fu rth e r 29 per cent of the  open w ater 
is covered w ith hair-weeds (Kiss 1972).
Only a few sm all stream s and  brooks em pty  into the  lake. The pollution 
of L ake Velence to d ay  is yet b u t slight, though the n a tu ra l s ta te  of th e  lake 
has often been d istu rbed  (dredging, mechanical weeding, water-level regu­
lation).
Since Rezső M aucha’s fundam ental paper published in 1931, E uropean  
limnology has shown growing in terest in L ake Velence. M any papers discus­
sing th e  lake have so fa r raised certain  problem s regarding hydro- (Donászy 
1953) and  sedim ent chem istry  (Csajághy 1953), bacteriology (Oláh and  V ásár­
helyi 1970, Vásárhelyi and  Felföldy 1970), public hygiene (Schiefner and 
Gregács 1964), bo tany  (Borhidi and  Balogh 1969, K iss 1972) and  zoology 
(Bérezik 1961, P .-Z ánkai 1959), some o ther papers even ven tu red  as far as to  
offer solutions. In  spite of the  g reat num ber of d a ta  accum ulated  so fa r on 
these topics, th e  professional opinion of in ternational hydrobiologists is 
th a t  H ungarian  hydrobiology ought to  pay  a great deal more a tten tio n  to  
L ake Velence.
R ecently , complex hydrobiological researches on the  whole lake have been 
carried ou t by  a team  of workers of the  R esearch In s titu te  for W ate r R e­
sources D evelopm ent (V ITU K I) headed by Lajos Felföldy. One of th e  
m ost im p o rtan t accom plishm ents of these researches was th e  m apping 
o f the m acro vegetation of the lake (Kiss 1972) which revealed extensive 
stretches of Vaucheria dicholoma.
The subm erged vegetation playing a  significant p a r t in the  life of the  lake 
has undergone thorough hydroecological and  zoological exam ination in the  
p ast years conducted by  th e  D ep artm en t of System atic Zoology and Ecology 
of the  E ötvös L oránd U niversity , B udapest, headed by Á rpád Bérezik. Here 
th e  results of the  zoocenological s tu d y  of some characteristic reed-grass 
stands are discussed w ith the  principal aim of discovering th e  differences 
in the  m acrofaunal biom ass of th e  w ater p lan t population situ a ted  n ex t 
to  each other.
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PLACE, TIME AND METHOD OF EXAMINATION
The zoocenological observations were carried out in a  hydrochem ically 
characteristic area of L ake Velence, close to  th e  B ird  O bservatory near 
Agárd, a t  16 collecting sites (Fig. 1).
The research area is s itu a ted  in the  south-w estern th ird  of the  lake. This 
particu la r area belongs to  th e  m oderately saline p a rts  of the  lake. E xam ina­
tions heretofore have shown a gradual 
alkalization in  a SW -N E  direction 
ascribed to  clim atic causes (Borhidi 
and  Balogh 1969).
In  th e  various shallow w aters the  
quasi-quan tita tive  exam inations ind i­
cate a  spring and  la te  sum m er as well 
as an  au tum n  m axim um  in the  indi­
vidual num bers of m ost m acrofaunal 
groups (Bérezik 1970).
Considering these results th e  collect­
ing tim e was chosen betw een the  20th 
and  22nd of A ugust in 1972 hoping 
th a t it would coincide w ith th e  period 
of th e  second population-dynam ic 
m axim um . I t  was assum ed, therefore, 
th a t  the  d a ta  received on th e  biomass 
would show the  m axim al or near m axi­
mal m acrofaunal zoomass living in 
different vegetation stands.
Two different kinds of collecting m eth ­
ods were applied. On various sam pling 
sites composed of M yriophyllum  spi- 
catum, Utricularia vulgaris, Potamo- 
geton pectinatus, N ajas marina, a prism  w ith 5 0 x 5 0  cm basic area and  120 
cm height covered by close-meshed net was used. The appliance was lowered 
on th e  vegetation s tan d  a t  a spo t of characteristic density . Then, th e  en tire  
mass of vegetation was carefully rem oved from the  sedim ent by divers. Sub­
sequently , th e  lower opening of the  prism  was closed and  the  hiomass of the  
m acrofauna was determ ined. For th is purpose th e  p lan ts were washed 
and  th e  entire w ater volum e was filtered, using a net of 0.5 mm mesh (Fig. 2).
In  th e  case of Vaucheria dichotoma covering large stretches of L ake Velence, 
a 15 X 15 cm, sharp-edged, m etal fram e covered a t the  top  was used being in 
tu rn  pressed through the  Vaucheria s tan d  well in to  th e  sedim ent, th en  the  
en tire  p lan t m aterial was lifted from  th e  water. In  bo th  cases special a tte n ­
tion was paid  to  th e  careful approach of the  collecting sites.
The m aterial was preserved in 4 per cent form alin, sorted  ou t to  order 
and  a fte r identification th e  d ry  weight of th e  species was recorded. The 
specimens were dried  a t  60 °C. The collected and  carefully washed p lan ts 
were weighed a t  a ir-dry  state .
T hroughout th e  exam inations special a tten tio n  was devoted to  determ in­
ing th e  hiomass of th e  faunal fractions of E phem eroptera, O donata and 
T richoptera which subsequently  were com pared to  th e  qu an tita tiv e  d a ta
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Fig. 1. The lay-out o f  the collecting  
sites in the lake
Pig. 2. The first phase o f  sam pling
obtained  for o ther m acrofaunal categories. The num ber of individuals and  
values of weight were correlated to  1 mI. 2 of surface and 1 kg air-dry  vegeta­
tion  mass, respectively.
R ESU LTS A N D  D ISCUSSIO N
According to  the  results, four types of collecting sites clearly differing from  
one ano ther can be distinguished on the  basis of dom inant p lan t species, 
position of th e  site and  the  to ta l biomass of th e  m acrovegetation and 
m acrofauna.
I. The first group o f collecting sites includes a  vegetation s tan d  of ab o u t 
20 m2 east to  the  B ird  O bservatory, composed of Myriophyttum spicatum  
and  a  lesser cover of Potamogeton pectinatus (depth: 70 cm; Fig. 1). The 
environm ents of the  artificial in let serving bath ing  purposes have en tirely  
been cleared of reeds. The to ta l average biomass of th e  m acro vegetation in 
a ir-dry  s ta te  was 162 g per m2. The to ta l average biomass of the  m acrofauna 
was 0.109,0 g per m2. D etailed zoocenological d a ta  are given in Table 1.
I I .  The second group includes th e  Myrophyllum spicatum  s tan d  of 
abou t 10 m2 surface area, lying N  to  th e  B ird  O bservatory (depth: 1 m; 
Fig. 1). The to ta l average biomass of the  m acrovegetation was 325 g per m2. 
The to ta l average biom ass of the  m acrofauna was 1.195,6 g per m2. D etailed  
zoocenological d a ta  are given in Table 2.
I I I .  The th ird  group comprises the  Vaucheria dichotoma s tan d  situ a ted  
N to  the  B ird  O bservatory (depth: 125 cm). The to ta l average biom ass of th e
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TABLE 1
Average biomass of macroorganisms at station group No. I
Taxa A В c D
Ephemeroptera
Cloeon dipt er um  (L.) 28 0.003,2 170.8 0.019,5
Caenis horaria (L.) 20 0.002,4 122.0 0.014,6
Odonata
I schnura pumilio  (Charp.) 8 0 .021,6 48.8 0.131,7
Agrionidae (juv.) 64 0.006,4 390.4 0.039,0
Sympetrum  sp. (juv.) — — — —
Trichoptera
Echnomus tenellus (Klap.) — — — —
Cyrnus ( flavidus MacLach ? ) 8 0 .001,6 48.8 0.009,7
Hirudinoidea — - - —
Mollusca 4 0 .001,2 24.4 0.007,3
Isopoda - - -
Coleoptera 4 0.002,4 24.4 0.014,6
Heteroptera 8 0.001,6 48.8 0 .001,6
Lepidoptera 8 0.004,6 48.8 0.028,1
Diptera
Chaoboridae - — - -
Chironomidae (larvae) 728 0.059,2 4,440.8 0.361,1
Chironomidae (pupae) 44 0.004,8 268.4 0.029,2
Hydracarina -
Total 924 0.019,0 5,636.4 0.656,4
A =  average No. per m!; В =  average dry weight per m!; C =  average No. per kg dry  p lant weight; 
D =  average dry weight per kg dry p lan t weight.
algal s ta n d  was 165.5 g per m2. The to ta l average biomass of the  m acrofauna 
was 3.981,5 g per m2. D etailed zoocenological d a ta  are given in  Table 3.
IV. The fou rth  group comprises m ainly Utricularia vulgaris and  a  sm aller 
cover of Potamogeton pectinatus and  Najas marina-, it is s itu a ted  N W  from 
th e  O bservatory. The to ta l average biom ass of the  m acrovegetation was 
158.4 g per m2. The to ta l average biomass of the  m acrofauna was 1.092,5 g 
per m2. D etailed zoocenological d a ta  are given in Table 4.
I t  is a clearly seen from the  tables th a t  3.4-15.7 per cent of the  m acrofauna 
biom ass is m ade up  of E phem eroptera, while O donata and  T richoptera 
are represented by 0.0-25.6 and 0.3—9.1 per cent, respectively.
The biomass form ation of th e  m ud inhabiting Caenis horaria larvae m ay 
be a good ind icator as regards sedim entation a t the  area covered w ith macro- 
vegetation. The m ost intensive sedim entation occurs in those vegetation
250
TABLE 2
Average biomass of macroorganisms at station group N o. I I
Taxa A В c D
Ephemeroptera 
Cloeon dipterum  (L.) 228 0.171,2 864 0.513,6
Caenis horaria (L.) 44 0.016,8 132 0.050,4
Odonata
Ischnura pumilio  (Charp.) 12 0.030,4 36 0.091,2
Agrionidae (juv.) — — — —
Sympetrum  sp. (juv.) — — — —
Trichoptera
Echnomus tenellus (Klap.) 16 0.019,2 48 0.074,4
Cyrnus (flavidus MacLaeh?) - 0.024,8 12 0.057,6
Hirudinoidea - - — —
Mollusca 32 0.001,6 96 0.004,8
Isopoda - - —
Coleoptera - - - -
Heteroptera - - - -
Lepidoptera - - - -
Diptera
Chaoboridae 8 0.025,2 24 0.075,6
Chironomidae (larvae) 1,692 0.892,8 5,076 2.678,4
Chironomidae (pupae) 40 0.008,8 120 0.026,4
Hydracarina 24 0.004,8 72 0.014,4
Total 2,160 1.195,6 6,480 3.586,8
A =  average No. per m2; В =  average dry weight per m2; C =  average No. per kg dry p lan t weight; 
D =  average dry weight per kg dry p lan t weight.
stands (e.g. Vaucheria dichotoma, Utricularia vulgaris) in which the  num ber 
of Caenis horaria larvae is very high ; in o ther biotopes the  process is com ­
paratively  slower.
The extensive Vaucheria dichotoma s tands of L ake Velence proved to  be 
th e  richest in m acrofauna, where, le t alone a few tax a  or species, th e  mollus- 
cans appeared  in a strik ingly  high percentage. Their q u an tity  ou tstripped  
even th a t  of the  Chironom idae larvae, whereas the  average m acrofaunal 
biomass in th e  Myriophyllum spicatum  s tan d  found in th e  artificial inlet 
was m arkedly low.
The detailed  taxonom ic elaboration of the  th ree  m acrofaunal orders has 
shown th a t  w ithin a sm all area no qualita tive difference m ay be ascertained 
in the zoocenosis o f th e  hair-weed population of different species. This 
finding was confirmed by  previous detailed  taxonom ic researches, too 
(Andrikovics 1973), which had been carried o u t on o ther orders of the  m acro­
fauna. The tables do not comprise o ther species of the m acrofauna except
251
TABLE 3
Average biomass of macroorganisms at station group No. I l l
Taxa A Б c ! 1)
E p h e m e ro p te ra  
Cloeon dipterum  (L .)
Caenis horaria (L.) 44 0.137,(5 264 0.825,6
O d o n a ta
Ischnura pumilio (C harp .) — - -
Agrionidae (juv .) — — —
Sympetrum  sp . (juv .) — -
T ric h o p te ra
Echnomus tenellus (K lap .) 44 0.363,1 264 2.178,6
Cyrnns (flavidus M acL ach . ?) — —
H iru d in o id e a - —
M ollusca 3,774 1.252,0 22,644 7.512,0
Iso p o d a 355 0.612,7 2,130 3.676,2
C o leo p te ra - —
H e te ro p te ra — -
L e p id o p te ra -
D ip te ra
C h a o b o rid ae - -
C h iro n o m id ae  ( la rv ae ) 1,198 1.451,8 7,192 8.710,8
C h iro n o m id ae  (p u p ae ) 44 0.164 ,3 264 0.985,8
H y d ra c a r in a - - -
T o ta l 5,459 3.981,5 32,758 23.889,0
A =  average No. per m2; В =  average dry weight per m2; C =  average No. per kg d ry  p lant weight; 
D =  average dry « 'eight per kg dry p lan t weight.
those of the  orders E phem eroptera , O donata and  T richoptera. The following 
list shows the  m ost characteristic and  com m onest species:
Mollusca: Armiger crista, Planorbis spirorbis; H irudinoidea: Piscicola geo- 
metra; Diptera larvae; Chaoborus crystallinus and the  species of the  subfam ily 
of O rthocladiinae in  Chironom idae; L epidoptera: Paraponyx stratiotata, 
Nymphula nympheata-, H eterop tera : Micronecta pusilla, Gymatia coleoptrata, 
Naucoris cimicoides', Isopoda : Asellus aquaticus; H ydracarinae : Hydrodroma 
despiciens and  th e  species o f Arrenurus and  Piona. All o f them  are common 
eury trophic species.
As a resu lt of these researches, concrete qu an tita tiv e  d a ta  on the  zooce- 
noses of the  hair-weed stands in Lake Velence were obtained. A com parison 
of th e  m acrofaunal biomass of th e  different p lan t s tands shows th a t  zoo- 
cenosis lim ited prim arily  by extrem e w ater clim atic conditions will respond
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TABLE 4
Average biomass of macroorganisms at station group No. I V
Taxa A В С D
Ephemeroptera
Cloeon dipterum  (L.) 120 0.029,2 756 0.183,9
Caenis horaria (L.) 36 0.076,0 226.8 0.478,8
Odonata
Ischnür a pumilio (Charp.) _ — — _
Agrionidae (juv.) — — — —
Sympetrum  sp. (juv.) 4 0 .011,2 25.2 0.070,5
Trichoptera
Echnomus tenellus (Klap.) — _ —
C ym us (flavidus MacLach.?) 4 0.003,6 25.2 0 .022,6
Hirudinoidea 4 0 .002,2 25.2 0.138,6
Mollusca 308 0.014,0 1,940.4 0.088,2
Isopoda 4 0 .001,8 25.2 0.011,3
Coleoptera - -
Heteroptera 12 0.000,7 75.6 0.004,4
Lepidoptera - ~
Diptera
Chaoboridae 4 0.004,8 25.2 0.030,2
Chironomidae (larvae) 3,424 0.819,6 21,571 5.163,4
Chironomidae (pupae) 64 0.025,2 403.2 0.158,7
Hydracarina 16 0.004,2 100.8 0.026,4
Total 4,000 1.092,5 25,299.8 6.377,0
A = average No. per in2; В = average dry weight per m2; C = average 
I) = average dry weight per kg dry plant weight.
No. per kg dry plant weight;
in variously situ a ted  stands of different sedim entary  processes to  diverse 
population and  food supply  conditions by changing the  q u an tita tiv e  com po­
sition of the  m acrofauna.
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SEASONAL AND ANNUAL V A RIA TIO N  OF T H E  PO PU LA TIO N  
D E N SIT Y  AND BIOMASS OF T H E  BOTTOM-FAUNA IN  T H E  
D E E P E S T  W ATERS OF L A K E  D O JR A N , M ACEDONIA
by
J. A. S a p k a b e v
IN STITUTE OF ZOOLOGY, D EPARTM ENT OF NATURAL AND MATHEMATICAL SCIENCES,
SK O PJE , YUGOSLAVIA
There are abou t tw en ty  lakes, s itu a ted  in th e  E uropean  region o f the  Aegean 
Sea zone, w ith th e ir m ajor p a r t  being in the  te rrito ry  of M acedonia. One of 
them  is L ake D ojran, s itu a ted  on th e  Y ugoslavian-G reek frontier. Accord­
ing to  Cvijic (1911) th e  presen t L ake D ojran  is th e  rem ains o f L ake 
Peonic, being th ree tim es bigger and  ten  tim es deeper th an  the  form er one. 
The surface of L ake D ojran  is 42.66 km 2, w ith a m axim um  dep th  of ab o u t 
ten  m eters (Fig. 1).
Fig. 1. Survey map of Lake Dojran (cross-hatching denotes the explored area)
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TABLE 1
Average value of the popula tion  density  ( ind . per m") of different anim al groups and. 
species, in  the com position of the zoobenthos in  the deepest water of Lake  D ojran
Groups and species 1962 1963 1964 I960 1967
Triclada 0.2
Rhabdocoela 78.8 43.7 39.4 19.9 37.0
Nematoda 371.9 279.0 189.8 95.2 329.3
Oligochaeta:
Euilyodrilus h ammoniensis 2,524.4 1,947.5 1,464.1 2,382.5 3,573.2
other oligochaetes 150.4 31.5 52.0 58.6 178.6
Hirudinea:
Erpobdella octoculata 4.0 5.2 0.7 0.4 3.7
Hemiclepsis marginata 1.1 0.4 0.5 — —
Glossiphonia complanata 0.5 — — —
Ostracoda 119.0 1.7 34.2 22.2
Asellus aquaticus 4.0 12.6 0.01 — —
Rivulogammarus triacanthus 43.7 23.5 11.4 15.1 —
Hydra carina 0.2 - -
Chironom idae :
Chironornus plumosus 458.2 324.3 736.9 850.7 913.1
other chironomides 1,453.4 933.8 1,061.9 1,128.7 1,728.6
Culicoides sp. 29.9 35.4 27.9 14.4 14.8
Chaoborus crystallinus 6,447.2 9,921.0 5,895.1 2,041.5 6,487.9
Valvata piscinalis 5.9 5.9 0.01 0.7 —
Sphaeriidae 2.1 - - -
Dreissena polymorpha 35.5 11.1 5.3 3.5
Anodovta sp. 0.4 0.01 —
Unio pictorum 0.5 1.0 2.0 2.0 3.7
L ake D ojran represents a typ ical eutrophic lake from  th e  Aegean lake’s 
zone conditioned by  edaphic, m orphom etrical and  clim atic peculiarities 
(Stankovic 1951). R ecently , its eu trophy  has been confirmed by studying the  
m etabolism  of the  lake (Petrovic 1969) and th e  biomass o f zooplankton 
(Popovska-Stankovic 1965). This proposition has been supported  by the  
results of th e  bo ttom  anim al investigations o f the  sam e L ake (Stankovic 
1951, Stojkovski 1959 and  Sapkarev 1959, 1964, 1968a, b).
The m aterial was ob tained  by using a B irdge-E km an  dredge. Q uanti­
ta tiv e  sam ples were tak en  from  ten  stations a t th e  deepest p a r t o f the lake 
a t  th e  end of every m onth from  1962 up  to  1967, except in 1966. The 
to ta l num ber of the  q u an tita tiv e  sam ples collected in  th is period was about 
thousand.
RESULTS OF INVESTIGATIONS
The analyses of the  population density  and  biomass of some more im portan t 
species or groups o f th is anim al com m unity t hroughout the  year have reveal-
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ed th a t  th ey  display seasonal changes w ith more or less obvious m inim um  
and  m axim um .
During th e  investigation period the  m ost im p o rtan t groups of th e  bo ttom  
anim als in  th e  deepest waters o f L ake D ojran  were oligochaetes [alm ost 
only Euilyodrilus hammoniensis (Mich.)], and  flies presen ted  w ith tw o 
families: Chironomidae, m ainly w ith Ghironomus plumosus (L.) and  
Culicidae w ith the  rem arkable species Chaoborus crystallinus (De Geer).
1967
1962
1965
1962.
1963
Fig. 2. Seasonal variation of the population density of Euilyodrilus hammoniensis
Mich, in the deep region of Lake Dojran during 1962-1967
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The abundance of th e  different groups and  species, resp., included in this 
com m unity  is illu stra ted  by  Table 1. The greatest density  of population was 
shown by  Culicidae Chaoborus crystallinus, resp. The average value of 
th e  results during th e  investigation period shows th a t  Ch. crystallinus has 
been colonized in th e  deepest region of th e  Lake w ith 4,452.6 individuals 
per m 2. On th e  second place comes O ligochaeta in which the  to ta l 
population  density  (2,473.5 ind. per m2) of the  dom inating species Euilyo- 
drilus hammoniensis am ounts to  96.1 per cent (2,378.3 ind. per m2), while 
th a t  of th e  o ther oligochaetes only to  3.9 per cent (94.2 ind. per m2). W ith  
a  som ewhat m ore reduced population density  th an  th a t  of Oligochaeta this 
lake region is inhab ited  by  Chironom idae (1,917.9 ind. per m2) of which 
Chironomus plumosus represents 34.2 per cent (656.6 ind. per m2) and  other 
chironom ides represent 65.8 per cent (1,261.3 ind. per m2).
All o ther groups, except N em atoda (253.0 ind. per m2), inhab it th e  bo ttom  
of th e  deepest lake region w ith  a sm all population  density  under 100 ind. 
per m 2 (Rhabdocoela, H irudinea, Gam m aridae, Heleidae, G astropoda and 
Bivalvia) or th ey  occur sporadically (like Triclada, O stracoda, Asellidae, 
H ydracarina).
SEASONAL VARIATION OF POPULATION 
DENSITY AND BIOMASS
The analyses of th e  population density  and  biomass of some m ore im portan t 
species or groups of th is  anim al com m unity th roughout th e  year have re ­
vealed th a t  th ey  display seasonal changes w ith more or less obvious m ini­
m um  and  m axim um  (Table 1).
Fig. 3. Seasonal variation of the population density of Chironomus plumosus L. in the
deep region of Lake Dojran during 1962-1967
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D uring 1962 th e  dom inant species of oligochaetes, EuilyocLrilus hammo- 
niensis showed tw o m axim a, in A ugust and  December, and  one m inim um  
of population density  in Septem ber. The same was established during 1965 
and  1967, while in 1963 and  1964 w ith  th e  difference th a t  th e  m axim um  in 
A ugust and  the  m inim um  in Septem ber occurred in M ay and  in Ju ly , resp. 
(Fig. 2).
The biom ass of E. hammoniensis showed a decreased value in the  sum m er 
m onths (e.g. in  Ju ly  1964, 1.742 g per m2) and  an increased one in the  spring 
m onths (e.g. in M arch 1964, 7.517 g per m2). The variation  of the  population 
density  of E . hammoniensis during th e  year determ ines th e  varia tion  of all 
O ligochaeta, because all o ther species of oligochaetes display an  insignificant 
population density.
The dom inant species of chironomides, Gh. plumosus, during 1962 showed 
one m inim um  of population density  in A ugust and  one m axim um  in Sep­
tem ber. The same was s ta ted  during 1963 and  1965 b u t in  1964 and  1967, 
w ith th e  difference th a t  m inim a and  m axim a were reached a  m onth  earlier 
(while th e  m axim um  of 1967 a m onth  later, see Fig. 3).
1965
1967
196Л
1963
1962
Fig. 4. Seasonal variation of the population density of Chironomidae (without Chiro-
nomus plu7nosus) in the deep region of Lake Dojran during 1962-1967
17* 259
The biomass o f Ch. plumosus during 1962, 1963 and  1965 reached a  m axi­
m um  in M arch or April (e.g. in April 1962, 21.287 g per m2) and  a m inim um  
in A ugust (e.g. in A ugust 1962, 1.244 g per m2), except for 1964 and  1967 
when the  m inim um  of biom ass appeared  in Ju ly  and  the  m axim um  in 
Septem ber and  October, resp. (in the  au tum n  m onths).
The population  density  and  biomass of all o ther chironomides show a 
m axim um  in the  w inter m onths, and  a t  th e  beginning of spring, w ith a 
m inim um  in th e  sum m er m onths and  a t  th e  beginning of au tu m n  (Fig. 4).
Fig. 5. Seasonal variation of the population density of Chaoborus crystallinus (De Geer)
in the deep region of Lake Dojran during 1962-1967
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One m ore species of th is com m unity of zoobenthos of L ake D ojran, being 
otherw ise characteristic of th e  varia tion  of th e  population density  in  the  
deepest region, is Ch. crystallinus (Culicidae). During the  five years the  
population density  showed a m inim um  and  a m axim um  in A ugust, and 
Septem ber, resp., except for a  m inim um  in April, 1963 (Fig. 5).
In  th is  period a m inim um  of biom ass of Ch. crystallinus appeared during 
sum m er (e.g. in Ju ly  1967, 3.713 g per m2) and  a m axim um  in th e  w inter 
m onths (e.g. in F eb ru ary  1967, 28.528 g per m2).
All o ther species, and  groups, resp. of the  bo ttom  fauna showed a  very 
slight population density  and biomass.
Fig. 6. Seasonal variation of the population density of all zoobenthos in the deep region
of Lake Dojran during 1962-1967
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The to ta l zoobenthos of th e  deepest p a r t of the  lake showed a  m inim al 
population density  m ostly in J u n e -Ju ly  and  a m axim al one in A u g u st- 
Septem ber (Fig. 6). The biomass of the  to ta l zoobenthos showed th e  same 
varia tion  like th a t  of the  biomass of Cli. crystallinus, e.g. in M arch 1964, 
53.715 g per m2 and  in Ju ly  12.761 g per m2 wet weight.
ANNUAL VARIATIONS OF POPULATION 
DENSITY AND BIOMASS
T he average num ber of individuals per m 2 during 1962-1967 for E. ham- 
moniensis, Ch. plumosus and  o ther chironomides, Ch. crystallinus and  all 
zoobenthos for the  deep w ater area of the  lake is given in Fig. 7.
-------- E u ily o d r i lu s  h a m m o n ie n s i s
--------- C h iro n o m u s p lu m o s u s
_____ot her  Chironomidae
years
Fig. 7. Annual variation o f the density  o f  population o f  Chironom us p lum osus, other 
Chironomidae, E uilyodrilu s  ham m oniensis, Chaoborus crysta llinus  and all zoobenthos 
in the deep region o f  Lake Dojran during 1962-1967
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D uring 1962-1967, E. hammoniensis showed a m axim al population density  
and  biom ass in 1967 (3,752 individuals, 5.956 g wet weight per m 2) and  a 
m inim um  in 1964 (1,604 individuals, 3.042 g wet weight per m 2.
Ch. plumosus as a dom inant species of the  biomass of chironom ides showed 
th e  sm allest population density  and  biomass in 1963 (324 individuals, 8.749 
g wet weight per m 2) and  the  biggest one in 1967 (913 individuals, 22.246 g 
wet weight per m 2) b u t the  o ther chironom ides reached a m inim um  of 
population density  and  biomass in 1963 (934 individuals, 1.168 g wet 
weight per m 2) and  a  m axim um  in 1967 (1,728 individuals, 2.190 g wet 
weight per m 2).
The annual varia tion  of population  density  and  biom ass of Chaoborus 
crystallinus showed a  m axim um  in 1963 (9,921 individuals, 22.173 g wet 
weight per m2) and  a m inim um  in 1965 (2,042 individuals, 4.885 g 
w et weight per m 2), sim ilarly to  the  population density  and  biomass of 
E. hammoniensis.
Finally , th e  annual varia tion  of th e  population density  an d  biomass of 
th e  to ta l zoobenthos in th e  deepest w ater area o f Lake D ojran  is d e te r­
m ined a t  first by  the  varia tion  of th e  population  density  and  biomass of 
Ch. crystallinus.
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D IE EN TW IC K LU N G  D E R  B E SIE D L U N G  LN EIN EM  
N EU E N TST A N D EN E N  G EW ÄSSER, DAR G ESTELLT AN 
D EN  GTLIATEN UND W A SSE R K Ä FE R N
v o n
K. H e u s s
LANDESANSTALT FÜ R  GEW ÄSSERKUNDE UND GEW ÄSSERSCHUTZ, 
N O RD RH EIN -W ESTFA LEN , BIOLOGISCHER DIENST, K R E FE L D -H Ü L SE R B E R G , 
AM W ALDW INKEL, BRD
EINLEITUNG
W erden B raunkohlentagebaue stillgelegt, so ist es m eist n ich t möglich, m it 
v ertre tbarem  A ufw and diese riesigen verbleibenden Löcher wieder völlig 
zu füllen. Zw ar s teh t hierfür theoretisch  der gesam te A braum  zur Verfügung, 
ein D eßzit ergibt sich aber durch  die andernorts verw endete Braunkohle.
Meist sam m elt sich bereits nach kurzer Zeit durch Zustrom  aus dem 
U ntergrund  und  durch Niederschläge W asser in diesen Löchern: es bilden 
sich die Braunkohlenrestgew ässer, verschiedentlich auch R estgew ässer 
oder Tagebaugew ässer genannt. In  den B raunkohlenrevieren, so etw a dem 
m itteldeutschen u nd  dem  rheinländischen, stellen diese Restgewässer 
wesentliche E lem ente der L andschaft dar. Somit bieten sie Anreiz fü r U n te r­
suchungen über ihre B edeutung, Entw icklung und  N utzung. Obwohl bereits 
eine R eihe diesbezüglicher U ntersuchungen vorhegen, sind unsere K e n n t­
nisse über die Entw icklungsrichtung und  -geschwindigkeit der Biozönosen 
derartiger Gewässer noch rech t lückenhaft. E rs t H erbst (1966) h a t diesem 
G esichtspunkt s tärker R echnung getragen, indem  er verschieden alte  R es t­
gewässer un tersuchte , was ihn in die Lage versetzte, interpolierend E n t­
wicklungstendenzen anzugeben. P räzisere U nterlagen erbringen jedoch erst 
längerfristige U ntersuchungen ein und  desselben Gewässers. D eshalb wurde 
der Obersee, dessen Auffüllung im H erbst 1964 begann, in den Jah ren  1965 
bis 1970 m onatlich einm al chemisch und biologisch un tersuch t.
LAGE UND MORPHOLOGIE DES GEWÄSSERS
D er etw a 6 ha  große Obersee hegt westlich K ölns in der N ähe des O rtes L ib ­
lar. E r  ist m eist 1 bis 2 m, m axim al bis 3,5 m tief. Die U fer fallen n ich t steil 
ab, sondern gesta tten  die Ausbildung eines breiten  R öhrichtgürtels, der sich 
in einzelnen Bereichen auch bereits entw ickelt h a t. D er G estaltung der U fer 
kom m t insofern große B edeutung zu, zum al bei fischereilich genutzten  
Gewässern, als sich im L itoral ein wesentlicher Teil der F ischnährtiere e n t­
wickelt. R em ane u nd  H erre (1937) haben deshalb diesen G esichtspunkt nach 
ihren U ntersuchungen an  steilufrigen, folglich nährtie rarm en  u nd  hscherei- 
lich wenig ertragreichen R estgew ässern sehr s ta rk  in den V ordergrund ge­
stellt.
Die F lachheit, die eine D urchlichtung des gesam ten W asserkörpers und  
som it das Aufkom m en unterseeischer W iesen g esta tte t, weist den Obersee 
nach limnologischer Terminologie als W eiher aus.
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CHEMISMUS
W ie nach den zahlreich m itgeteilten  A nalysendaten über den Chemismus 
von Restgew ässern (Hilse 1958, K albe 1958/59, Müller 1959, 1961, 
Bauer 1963, P ietsch 1965, H erbst 1966, Campbell und L ind  1969, T rahm s 
1972) zu erw arten  ist, zeichnet sich auch der Obersee durch einen extrem  
hohen Sulfatgehalt aus. Die dom inierende K alzium /Sulfat-K om ponente
Abb. 1. Der Verlauf einiger chemischer Kenngrößen im Braunkohlenrestgewässer Ober­
see. Dargestellt sind die Mittelwerte von 5 Jahresreihen (die sich jeweils vom März bis 
zum Februar erstrecken) und einzelne Meßwerte vom 14.8.1973
bedingt auch eine erhebliche W asserhärte, zu der in der Anfangsphase die 
K arb o n ate  n u r unw esentlich beitragen. (Das V erhältnis K a rb o n a th ä rte  zu 
O esam thärte  b e träg t etw a 1 : 10.) Die R eak tion  des W assers lag meist bei 
pH  =  8. E in  weiteres C harak teristikum  der R estgew ässer ist deren N äh r­
stoffarm ut. Im  Obersee betrugen die K onzen trationen  im S chn itt fü r 
P 0 4—P  0,08 mg/1, fü r N H t—N 0,22 mg/1 u nd  fü r N 0 3—N  0,18 mg/1. Wie 
H erb st (1966) nachwies, klingen m it zunehm endem  A lter der R estgew ässer 
die extrem en chemischen V erhältnisse etw as ab. Abbildung 1 verdeutlicht,
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daß dieser Norm alisierungsprozeß re la tiv  zügig voranschreitet. F ü r die hier 
n ich t m it dargestellten  N ährstoffe P  u nd  N  zeichnet sich dagegen w ährend 
der 6jährigen U ntersuchungsdauer noch keine E rhöhung ab.
BIOZÖNOTISCHE ASPEKTE  
Die Ciliatenzönose
l)ie  Aussagen über die Entw icklung des C iliatenbestandes gründen sich vor 
allem au f Aufwuchsproben. Dazu wurden an verschiedenartigen Stellen des 
L itorals O b jek tträger exponiert, um  bei der B eurteilung der B estandsent-
Abb. 2. Fluktuationsanalyse der Ciliatenzönose im Obersee für die Jahre 1965 bis 1969. 
Durch die unterschiedlichen Schraffuren wird der Anteil der neu hinzukommenden 
Arten und der der bereits in früheren Jahren beobachteten Arten gekennzeichnet
Wicklung B esonderheiten des M ikrobiotops einzuschränken. Alle an  einem 
Probennahm etag  an  den verschiedenen S ta tionen  gefundenen und  sicher 
determ inierten  Ciliaten sowie 2 Suk torienarten  (Metacineta mystacina  ab 
Novem ber 1967 und  Heliophrya riederi ab  Novem ber 1968) werden in die 
B etrach tungen  einbezogen.
In  A bbildung 2 ist die E ntw icklung der Ciliatenzönose dargestellt. Zu 
dem  re la tiv  bescheidenen B estand  von 14 A rten  im Jah re  1965* gesellen 
sich im folgenden U ntersuchungsjahr (1966) weitere 23 A rten. B ereits nach 
dem  3. J a h r  ist die C iliatengem einschaft w eitgehend konsolidiert, der A rten ­
zuwachs in den beiden anschließenden Jah ren  ist geringfügig (1968 und 
1969 jeweils n u r 5 A rten). D aß die A rtendich te der C iliaten im Obersee nach
* Da einige Arten während der Initialphase nur in Einzelexemplaren auftauchten, 
war nicht in jedem Falle eine sichere Determination bis zur Art möglich. Werden diese 
zweifelhaften Formen, die in Abb. 1 nicht angeführt sind, mit berücksichtigt, so setzt 
sich der Artenbestand bereits im ersten Jahr aus etwa 20-25 Arten zusammen.
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5 Jah ren  den U m fang annähernd  vergleichbarer Gewässer erreicht h a t, 
dem onstriert die folgende Zusam m enstellung:
Autor G-ewässer Trophiegrad TJntersuchungs-material
Probenzahl Artenzahl
Wilbert (1969) Weiher eutroph Aufwuchs ca. 400 99
Nusch (1970) Vorbecken oligotroph Aufwuchs ca. 100 46
Nusch (1970) Talsperre oligotroph Aufwuchs ca. 100 21
Nusch (1970) Stau weiher eutroph Aufwuchs ca. 200 64
Obersee (1965 — 1969) Weiher oligotroph Aufwuchs 58 63 (1969)
W ird die system atische Zugehörigkeit der neu hinzukom m enden A rten  
b e trach te t, so sind sowohl die H olotrichen als auch die Spirotrichen und 
P eritrichen  von A nbeginn v ertre ten  u n d  der folgende A rtenzuw achs erstreck t 
sich au f alle 3 G ruppen: nach unserem  M aterial g ib t es keine Verschieden- 
phasigkeit der Besiedlung durch einzelne system atische Gruppen.
Als der bem erkensw erteste A spekt erw eist sich jedoch, au f welche W eise 
sich die Ciliatenzönose entw ickelt. D er C iliatenbestand eines jeden Jah res 
geht w eitgehend u n v erän d ert in der artenm äßigen Zusam m ensetzung in das 
nächste J a h r  über. U nd  zu diesem F undus gesellen sich die neu hinzukom ­
m enden A rten. Die A rtendich te der Ciliaten w ächst also, ohne daß es v o r­
ers t — b e trach te t m an längerfristige Z eitabschnitte, etw a wie hier die J a h ­
reseinheiten — zu einer nennensw erten Sukzession kom m t.
Die WasserIcäferzönose
Im  Gegensatz zu den Ciliaten un terlieg t der W asserkäferbestand erheb­
lichen Schwankungen. W ie aus A bbildung 3 hervorgeht, sind von den im 
Jah re  1965 beobachteten  15 A rten  im folgenden J a h r  n u r noch 8 vorhanden.
A b b .  3. F lu k t u a t i o n s a n a l y s e  d e r  W a s s e r k ä f e r z ö n o s e  im  O b e r s e e  f ü r  d ie  J a h r e  19 6 5  b is  
1 970 . W e i te r e  E r l ä u t e r u n g  v g l.  A b b .  2
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Zwei A rten  erscheinen im Jah re  1967 neu, sie werden auch 1968 nachgewie­
sen, fehlen aber im d a rau f folgenden Ja h r . W ird die P räsenz der einzelnen 
A rten oder -gruppen analysiert (Abb. 4), dann  verd ich tet sich der E indruck 
eines disharm onischen K äferbesatzes w ährend der In itialphase.
In  welch hohem  Maße der W asserkäferzönose in dem nun  bereits 9jähri- 
gen Obersee im m er noch P ion iercharak ter zukom m t, belegt eine A ufsam m ­
lung vom  14. A ugust 1973. Die hierbei beobachtete A rtenkom bination 
[u n terte ilt in dom inante (100 — 3%  A bundanz), influente (3— 1% A bundanz) 
und  rezedente A rten ( < J %  A bundanz)] ist im folgenden aufgeführt:
Art Abundanz Abundanz in %
\ . H yphydrus ovatus L. 96 66,7
2. N oterus clavicornis Deg. 20 13,9
3. H alip lus confin is  Steph. 5 3,5
4. H alip lus ruficollis Deg. 5 3,5
5. H alip lus flavicollü  Strm. 5 3,5
6. Laccophilus m inu tus  L. 3 2,1
7. Enochrus testaceus F. 3 2,1
8. Graptodytes p ic tus  F. 2 1,4
9. H alip lus obliquas F. 1 0,7
1 0. Scarodytes halensis F. 1 0,7
11. Potam onedes depressus elegáns Panz. 1 0,7
12. H y  grot us inaequalis F. 1 0,7
13. Laccobius m inu tus  L. 1 0,7
I
An der re la tiven  A rtenarm ut, vor allem aber in der E udom inanz einer 
A rt, von H yphydrus ovatus, erw eist sich die im m er noch sehr instabile K ä fe r­
besiedlung. E inen noch einseitigeren Besatz beschreibt K och  (1972) fü r  
eine knapp  1% jährige K iesgrube (5 A rten, davon eine m it 89,6% eudomi- 
nant).
E ine weitere B esonderheit stellen die geringen durchschnittlichen In d i­
viduenzahlen pro A usbeute dar (13 Individuen/A usbeute). Allerdings dü rfte  
die spärliche Ind iv iduendich te n ich t nur au f das geringe A lter des Obersees, 
sondern auch au f seinen anom alen Chemismus und  die sich zunächst erst 
allm ählich entw ickelnde M akrophytenvegetation (vgl. F riedrich) zurückzu­
führen  sein. H ierm it werden die B eobachtungen von K och (1972) in vollem 
U m fange bestä tig t, wonach sowohl zunehm ende W asserhärte als auch feh­
lender oder spärlicher Pflanzenwuchs in der L itoralzone die B esiedlungs­
dichte der K äfer verm indert.
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Pettodytes caesus Dft.
Haliplus confiais Steph 
Hahplus obhquus R 
Haliplus immaculatus Gerh. 
Hahplus ruficollís Deg.
Haliplus flavicollis Strm.
Hyphydrus ovatus L.
Guignotus pusillus F. 
Coelambus impressopt. Schall 
Coelambus confluens F 
Hygrotus maequalis F 
Hydroporus palustris L. 
Hydroporus planus F
Graptodytes pictus F _
Potamonectes canaliculat. Lac 
P depressus elegáns Panz 
Scarodytes halensis F.
Noterus clavicornis Deg. 
Laccophilus minutus L. 
Agabus nebulosus Forst. 
Ilybius fuliginosus F 
Rhantus pulverosus Steph 
Rhantus exoletus Forst.
Gyrinus marínus Gyll.
Helophorus minutus F. 
Anacaena hmbata F 
Laccobius minutus L. _  
Laccobius sinuatus Motsch_ 
Helochares lividus Forst. _  
Enochrus testaceus F
2131Л1112131Л1112I3I4 
1965 I 1966 I  1967
Abb. 4. Die zeitliche Verteilung der Wasserkäfer im Obersee
DISKUSSION
Die Besiedlung eines neuentstandenen  Gewässers is t—zum indest w ährend 
der In itia lp h ase—in großem  Maße vom  Zufall abhängig. W enn tro tzdem  
Ciliaten- un d  W asserkäferzönose sich ganz unterschiedlich entwickeln, so 
ist nach den U rsachen hierfür zu fragen.
Von den dauernd  in ein Gewässer eingetragenen encystierten  Ciliaten 
tre ten  schließlich n u r diejenigen A rten in Erscheinung, die zusagende Lebens­
bedingungen vorfinden. Ä ndern sich diese Lebensbedingungen in einem 
Gewässer n ich t grundlegend, so ist m it einer beträch tlichen  K onstanz des 
C iliatenbesatzes zu rechnen. B ereichert wird dieser Besatz lediglich durch 
diejenigen neu hinzukom m enden A rten, die ebenfalls zusagende Milieu­
bedingungen antreffen. E s ist auch naheliegend, daß in einem n eu en ts tan ­
denen Gewässer die »Zuwachsrate« zunächst rech t hoch ist, sich m it zuneh­
m endem  A lter aber im m er s tärker abflacht (s. Abb. 2). Bei den sich m eist 
durch gutes Elugverm ögen auszeichnenden und  daher ak tiv  die Gewässer 
aufsuchenden W asserkäfern ist es dagegen durchaus möglich, daß einzelne
270
A rten  zunächst B iotope besiedeln, in die sie n ich t optim al eingepaßt sind. 
In  neuen tstandenen  Gewässern ist das der Fall, wenn die biotopgem äßen 
A rten  das Gewässer noch n ich t besiedelt haben und  die interspezifische K o n ­
kurrenz vorerst un terb le ib t. D aher kom m t es w ährend der In itia lphase zu 
erheblichen F luk tua tionen  innerhalb  der W asserkäferzönose.
F ü r die in diesem Zusam m enhang wichtige Rolle des F ak to rs  Zeit bei 
der Besiedlung eines Gewässers b ie te t auch der Obersee Beispiele. H erausge­
griffen sei das gegenüber den D ytisciden, G yriniden, H ydraeniden  und  
H ydrophiliden verzögerte A uftreten  der Halipliden. Die H alipliden tauchen  
ziemlich spät, näm lich erst im 3. U ntersuchungsjahr au f (s. Abb. 4). Dies ist 
zweifellos eine Folge ihres geringen Flugverm ögens, denn unzureichendes 
N ahrungsangebot scheidet als U rsache aus, da  bereits im ersten  U n te r­
suchungsjahr Tribonema, Mougeotia und  Cladophora als d ichte W atten  
wuchsen (Friedrich). D arüber hinaus wies Seeger (1971) nach, daß ein 
großer Teil der H alipliden durchaus n ich t a u f fädige Grünalgen angewiesen 
ist, sondern anim alische K ost bevorzugt oder zum indest annim m t.
F ü r zukünftige Prognosen über die Entw icklung von Zoozönosen in neu­
en tstandenen  Gewässern d a rf  m an nach den am  Obersee gewonnenen E rgeb­
nissen davon ausgehen, daß die M ikroorganism en in wenigen Jah ren  einen 
ausgewogenen und dem  C harakter des Gewässers entsprechenden B estand 
ausbilden. F ü r die W asserkäfer, und  diese Befunde d a rf m an nach den v o r­
liegenden Ergebnissen im Schrifttum  wohl a u f das gesam te M akrozooben- 
thos ausdehnen, gilt jedoch, daß über m ehrere Jah rzeh n te  hin m it keiner 
ausgewogenen und  stabilen Gem einschaft zu rechnen ist.
ZUSAMMENFA SSUNG
D er Obersee, ein B raunkohlenrestgew ässer, wurde vom Beginn der F ü l­
lung an 6 Jah re  lang un tersuch t. H oher Sulfatgehalt (bis 1080 mg/1) u nd  
entsprechend angewachsene N ich tk arb o n ath ärte  (bis 63 °d) sind die wich­
tigsten  Kennzeichen des Gewässerchemismus. Die E ntw icklung der Biozö­
nose wird an 2 Organism engruppen, den Ciliaten und  W asserkäfern, dem on­
strie rt. D er A rtenbestand  an Aufwuchs-Ciliaten vergrößert sich kon tinu ier­
lich un d  nach 3 Jah ren  ist die A rtendich te vergleichbarer Gewässer w eit­
gehend erreicht. D em gegenüber entw ickelt sich die W asserkäferzönose sehr 
disharm onisch u nd  weist auch nach 9 Jah ren  noch P ion iercharak ter auf. 
Die B ildung eines ausgewogenen M akrozoobenthos in B raunkohlenrest­
gewässern w ährt m indestens m ehrere Jah rzehn te .
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OBSERVATIONS ON T H E  F IS H  PRO D U C TIO N  
OF L A K E  BALATON
by
P . B iró
BIOLOGICAL RESEA RCH  IN STITU TE OF TH E HUNGARIAN ACADEMY OF SCIENCES,
TIHANY, HUNGARY
The shallow Lake B alaton  has 596 km 2 w ater surface and  its living space is 
ab o u t 1.8 km 3. Sebestyén (1967) has po in ted  o u t th a t  ‘L ake B alaton , in 
sp ite o f its  extensive surface, covers a  relatively  sm all body of w ater and 
th e  d isproportionately  long shore line renders it extrem ely sensitive to  h arm ­
ful ex ternal effects’. A n incident supporting  her s ta tem en t was a mass fish 
kill in  1965 when abou t 500 tons of fish perished due to  pesticide pollution. 
The fish fauna of L ake B alaton  overcam e th is  ca tastrophe b u t its fa r-reach­
ing effects are still detectable.
In  1954, E n tz  tried  to  assess th e  production  of th e  L ake in term s of 
L indem an’s energy levels. According to  his s ta tem en t, th e  fish from 
L ake B alaton  are m ostly  harvested  a t  th e ir 3 rd -4 th  years of age and 
as the  annual catch  approxim ates 2,000 tons, th e  biomass of nekton  m ay 
be estim ated  a t  6,000 tons. F rom  these d a ta , and  from  those referring to  
feeding, etc., the  annual production  of th e  to ta l fish fauna of L ake B alaton  
m ay be assessed to  be abou t 3,000 tons. A t the  level of fish or n ek to n —where 
the  m ean size of th e  organism s ranges from  40 mg to  80 k g —th e  average 
sum m er biomass is 10 g per m2 increasing annually  by its  h a lf (the final p ro ­
duction m ay be estim ated  a t  5 g per m2).
The annual fish haul of L ake B alaton  is re la tively  low. I t  varies betw een 
1060 and  1963 tons. F ish  fauna is represen ted  by  44 species, b u t only 15-17 
of them  is of economic significance. Between 1950 and  1971, th e  annual 
catch  of L ake B alaton  changed betw een 17.5 and  32.9 kg per ha (Fig. 1). 
In  1950 and  1952, th e  yield per u n it area generally increased, an d  then  
betw een 1952 and  1956 it decreased significantly. Since 1957, ap a rt from  sm all 
variances, the  fish catch  appears to  be stabilized. Among p redato rs th e  pike- 
perch (Stizostedion lucioperca) am ounts to  6-12 per cent of the  to ta l 0 .98- 
2.89 kg per ha. In  1950-1964 its yield increased from  year to  year, b u t in 
1965 th is value suddenly decreased to  its one th ird . The volum e of hauls in ­
creased again in th e  period 1965-1971 (Fig. 2). The fish kill in  1965 affected 
m ostly  th e  population  of this p red a to ry  fish, because abou t 40 per cent of 
500 tons of dead fish consisted o f pike-perch.
Our detailed  studies s ta rted  in 1967 concentrated  on pike-perch, th e  m ain 
p redato ry  fish of L ake B alaton. W e have stud ied  its food (Biró 1973), 
g row th (Biró 1970, 1972) and  th e  age com position of th e  population, m or­
ta lity , biom ass, p roduction and  yield (Biró, MS).
Pike-perch in L ake B alaton  tu rn s  to  p redation  in its first year of age. I ts  
fish consum ption becomes general in  th e  second year, b u t owing to  an  in ­
sufficient food supply th e  m ajo rity  of them  rem ains plankton-feeder. Conse-
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quently , the  age of recru itm ent to  th e  p redato ry  phase is 1 -f-. The m axim um  
age observed is 15-j-. E xp lo ita tion  of th e  stock by fishing ranges from  3-f- 
to  15-)- year-old age groups, i.e. th e  economically im p o rtan t life span refers 
to  13 age groups. The m ajority  of th e  catches is represented by 4-)- year- 
old pike-perch in 56 per cent, abou t one-th ird  of the  catches is represented 
by  3-f- year-old fish and  th e  ra tio  of 5-f- year-old specimens is abou t one- 
n in th  of th e  to ta l (Fig. 3).
Fig. 1. Total annual fish hauls in Lake Balaton in kg (vertical lines) and in kg per ha 
(circles) during 1950-1971. A ,  В  and G are the regressions expressing the mean catch 
per unit area (kg per ha) against the consecutive years
Fig. 2. Total annual hauls o f pike-perch (S tizo s ted io n  lucioperca  L.) in Lake Balaton 
during 1950-1971 (see also Fig. 1)
274
F as t and  slow periods were distinguishable during the  first sum m er grow th 
of pike-perch fry  in L ake B alaton  (Biró 1972). Between Ju n e  and  August, 
presum ably  because of a change in feeding hab it, th e  average grow th becam e 
slow and  th en  faste r again. In  Septem ber, a fte r reaching 5.5-7.5 cm s tan d ard  
length, th e  grow th alm ost stopped  and  p ractically  there  was no grow th till 
th e  following spring. The grow th ra te  of more th an  3 +  year-old pike-perch 
was found to  be slow and  uneven, too (Fig. 4). P ike-perch in L ake B alaton  
a tta in s  1 kg body weight afte r its fifth year of life, i.e. bo th  th e  length  and  
weight increase is slow (Biró 1970).
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Fig. 3. Size-frequency histogram  o f pike- 
perch o f different age groups exam ined for 
growth and age com position. L  =  standard  
length in  cm
Fig. 4. Annual growth in length o f  
pike-perch from  1 -f- to  9 -f- year- 
old age groups; lengths are back- 
calculated from  scales
F ig. 5. M ortality o f  fry in the period o f June to  Septem ber. щ  — num ber o f  fry in every  
f-period o f  tim e i f  t =  1 m onth; z =  instantaneous to ta l m ortality  coefficient; s =  
coefficient o f  survival; A  =  to ta l annual m ortality  coefficient in this case referring to
four m onths
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The instan taneous m orta lity  coefficient of fry  was z =  2.24 from  Ju n e  to  
Septem ber (Fig. 5). The survival ra te  is s =  ez =  11 per cent. The average ra te  
of m orta lity  for th e  four sum m er m onths was 89 per cent. Decrease in  the  
num ber of individuals during Ju n e -Ju ly , and  la te r betw een A ugust and  
Septem ber was lower, abou t 63—68 per cent, and  accordingly, th e  survival 
ra te  was 51—53 per cent. In  Ju n e  and  A ugust, when a grow th com pensation 
was observed, m o rta lity  was predom inant the  survival ra te  being merely 
2 per cent. As it can be seen, the  ra tes are highly variable in th e  consecutive 
m onths. I t  is presum able th a t  only 0.001-0.002 per cent of fry  m ay reach
Fig. 6 . K ates o f m ortality  and survival in  age groups from 3 +  to 9 +  (see also Fig. 5)
older age. F o r th e  p a r t  of population  exploited by fishing, a ra th e r high 
m orta lity  ra te  was ob tained  (z =  1.044,2). The ra te  o f survival was abou t 
35 per cent (s =  0.353,5). Hence, the  assessed value of the  annual m orta lity  
was abou t 65 per cent {A — 1 — s =  0.646,5) for all age groups from  3J- to  
9-)-. The survival ra te  fluctuated  between 18 and  75 per cent, on the 
average 35 per cent, and  th e  annual m orta lity  betw een 25 and  82 per cent, 
on th e  average 65 per cent, resp. (Fig. 6).
S ta rting  from  back-calculated stan d ard  lengths and  from  specific weights 
(calculated by  the  length—weight relationship), we have received th a t  the 
annual net p roduction a tta in s  50 per cent of the average biomass, according 
to  the  ra tio  P /B  == 0.503,2 (Fig. 7). The sam e value ob tained  from  d a ta  on 
d irectly  m easured body length  and  weight proved to  be abou t 49 per cent 
(P /B  =  0.489,3). The assessed ra te  of p roduction is highest in the  3 +  
year-old age group (96 per cent), b u t it surprisingly decreases in the  4 — 
year-old group (27 per cent) as com pared w ith the  older fish. Loss in weight 
(negative production) was observed in the  9-f- year-old age group of pike- 
perch. The gonad production is ab o u t 10 per cent of the  to ta l. During the 
first sum m er, th e  production  of fry  was 178 per cent (P /B  =  1.785,2). 
P roduction  was highest in Ju ly -A u g u st, i.e. 253 per cent. From  the  middle 
of A ugust to  Septem ber th is  ra te  decreased from 88 to  30 per cent (Fig. 8).
The food of pike-perch consisted of 10-15 fish species. Among them  3-4 
species are dom inant, these being the  bleak (Alburnus alburnus), pope
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(Acerina cernua) and  its  own fry  (Stizostedion lucioperca). In  Ju ly  and  
August, there  usually is an  intensive cannibalism . W e found abou t 50 per 
cent of stom achs to  he em pty, from  which we can conclude th a t  there  is in ­
sufficiency of food. In  m ost cases th e  daily  consum ption varied  between 
1 and  4 g, th e  daily ra tio  being 0-1 per cent (Biró 1973).
F o r th e  estim ation of food consum ption and  energy transfo rm ation  of 
pike-perch we applied W inberg’s (1956, 1961) balanced equation:
C =  1.25 (Ke +  P )
n
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Fig. 8 . Change o f  biomass (В ) and production (P) o f  one-summer-old pike-perch in 
number (n) and in w eight (g) in the period from June to Septem ber
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where С =  consum ption; Re  =  resp iration  (m etabolism ); P  =  production. 
The relationship assumes th a t  th e  m etabolizable portion  of ingested food is 
80 per cent (20 per cent o f th e  consum ed food are excreta; urine and  faeces: 
U -j- Fe). To assess the  s tan d a rd  m etabolism  we have used th e  nex t form ula 
according to  W inberg (1956, 1961):
Re (ml 0 2 per h) =  0.3 iv°-s
where w  =  weight of fish in g; Re — respiration or s tan d ard  m etabo­
lism a t 20 °C. These values were calculated for th e  growing season (A pril- 
October) and  for th e  period when pike-perch practically  did  no t grow (No- 
vem ber-M arch). The sum  m ultiplied by 2 gave active m etabolism  (W inberg 
1956, 1961, M ann 1965, Backiel 1971).
P rojecting th e  calculated values to  the  whole surface of L ake B alaton  we 
have received (Biró, MS) th a t:
C =  3.2 kcal/m 2/annum .
O ther param eters re la ted  to  th e  m ean consum ption are:
— energy used for respiration:
Re =  0.8 • C — P  =  2.06 kcal/m 2/annum
— energy lost as faeces and  excreted  m aterials:
(Fe - f  U) =  0.2 • C =  0.64 kcal/m 2/annum
— production of flesh and  gonads:
P  =  0.55 kcal/m 2/annum .
Considering the  p redato ry  population  as an  open system  in which the  
inpu t is represented by food and  recru itm ent and  the  o u tp u t by fertilized 
eggs, yield, dead fish and  m etabolites (Backiel 1971):
P  — C — (Fe -)— СГ -J— Re) =  0.5 kcal/m 2/annum .
From  th is it follows th a t  for a steady  s ta te  of population  in which the  bio­
mass instan taneously  does n o t change (B l =  B 0):
P  +  B r — Y  -f- B m 4- B e
where B r =  biom ass of recruits; Y  =  yield; B m =  biomass of m orta lity ; 
B e =  biom ass o f eggs shed. This equation  for pike-perch in L ake B alaton  in 
g per m2 per annum  values:
0.5 + 0.016 =  0.2 +  0.266 4- 0.05
a t В  =  0.971 4  0.312 g per m2 per annum  m ean biom ass value (the lim its 
are 0.66-1.28 g per m2). The biomass of dead  fish can be calculated from the 
equation  of steady  sta te :
B m =  (P  - f  B r) — (Y  B e) =  0.266 g per m2 per annum .
This p aram eter is strongly  influenced by the  im perfectly know n volum e of 
sp o rt fishing.
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Replacing the  production p aram eter (P) in th e  balanced epuation  by  its  
equivalen t in term s of consum ption and  m etabolism , the  balanced equation 
o f energy flow th rough the  pike-perch population is th e  following:
‘In p u t’ energy------------->-
transform ation
‘O u tp u t’
B r +  C 
16 +  3,200
^  +  B m +  Д> +  (Fe  -j- U) -f R e I
200 - f  266 +  50 +  640 +  2,060 |
cal per m2 per annum
RejC ra tio  shows the  efficiency of energy dissipation by th e  system ; it is 
64.4 per cent. The ra tio  of Be/C  is th e  energy consum ed for reproduction. 
I t  was abou t 1.56 per cent. The ra tio  of T/C  was 6.25 per cent. The p a r t of 
th e  consum ed energy which re tu rn ed  to  th e  ecosystem  was B m -f- Fe -f  U 
per G =  28.3 per cent. O ther indices are: P /B  =  51.5 per cent; P/(7 =  15.6 
per cent and  the  ra tio  o f 0 /1 1 = 3 .2 9  per cent. On the  basis o f these p aram ­
eters we can s ta te  th a t  th e  consum ed food has been transform ed in to  fish 
body w ith significant loss: 64 per cent of th e  consum ed food was utilized for 
resp iration  and  abou t 15-16 per cent of it for p roduction of flesh and  gonads. 
Only abou t 1.56 per cent of energy consum ed by  th e  population  was used 
annually  for reproduction. A ccuracy of all param eters calculated for the  
energy transfo rm ation  o f population is low because of wide variations.
R ecently  the  organic production of p lank ton  algae o f L ake B alaton  has 
been determ ined by  H erodek (personal com m unication) and  it  was abou t 
4.2 kcal per m2 per day. In  the  period of vegetation calculated to  th e  whole 
lake surface it was abou t 2.4 X 109 kcal per B alaton  per day. Com paring the 
production of algae w ith those of the  exam ined pike-perch population (P  =  
=  0.55 X 109 kcal per B alaton  per annum ) it can be seen th a t  only 0.001 p a r t 
o f organic m ateria l produced by p lank ton  algae has been transform ed to  
pike-perch flesh and  gonads.
REFERENCES
Backiel, T. (1971): Production and food consum ption o f predatory fish in  the V istula  
R iver. J . F ish. Biol. 3, 369-405.
B író , P . (1970): Investigation  o f  growth o f  pike-perch (Lucioperca lucioperca L.) 
in Lake Balaton. A nnal. B iol. T ihany  37, 145-164.
B ír ó , P . (1972): F irst sum mer growth o f  pike-perch (Lucioperca lucioperca L.) in Lake 
Balaton. A nnal. Biol. T ihany  39, 101-113.
B író , P . (1973): The food o f  pike-perch (Lucioperca lucioperca L.) in  Lake Balaton. 
A nnal. B iol. T ihany  40, 159-183.
B író, P . (1973): Food consum ption, production and energy transform ation o f  pike- 
perch (Stizostedion lucioperca L.) population in Lake B alaton. Presented at the 
F irst European Congress of Ichthyology. Sarajevo , 21st-29th Sept. 1973.
E ntz, B. (1954): A  B alaton  term elésbiológiai problém ái. (Production biological prob­
lems o f  Lake Balaton). M T A  Biol. Orv. Tud. Oszt. K özi. 5, 433-461.
Mann, K . H . (1965): E nergy transform ation by  a population o f  fish in the R iver  
Thames. J . A n im . Ecol. 34, 253-275.
Sebestyén, О. (1967): A  kem izáció kihatása vízi ekoszisztém ákban (Effects o f  chemi- 
zation in w ater ecosystem s). M T A  V. Oszt. K özi. 18, 389-391.
W inberg, G. G. (1956): (R ate o f  m etabolism  and food requirements o f fishes). Izd . 
Belgosuniversiteta, M insk , p. 253. (F R B  Transi. 194).
W inberg, G. G. (1961): (New data on m etabolism  in  fishes). Problems of Ichthyology 
1, 157-165.
279

Sym p. Biol. Hung., 15, pp. 281-284 (1975)
B IO LO G ISCH E E IG E N H E IT E N  O E R  GLAZIALEN 
H Y D RO FA U N A  AUS D E N  GEBI RGEN R IL A  U N D  P IR IN
(B U LG A RIEN )
von
W . N a i d e n o w
ZOOLOGISCHES IN STITU T D E R  BULGARISCHEN AKADEM IE D ER  W ISSENSCHAFTEN,
SOFIA, BULG A RIEN
Die Zahl der perennierenden stehenden W asserbecken beläuft sich im R ila- 
gebirge a u f ungefähr 230 u nd  im Piringebirge au f annähernd  165. Die 
M ehrzahl s te llt Glazialseen dar, die zu jeweils 2 bis 11 in einem K a r gruppiert 
sind. Einzelne glaziale Seen sind in  diesen Gebirgen eine Seltenheit.
Die F läche der Gewässer schw ankt zwischen 0,01 und  21,2 ha, wobei 
70% 0,1 bis 1,5 ha aufweisen. Die m axim alen Tiefen variieren zwischen 0,3 
und  37,5 m, doch sind m it einer Tiefe über 5 m im R ila n u r 12 und  im P irin  
11 Seen bekann t. Tiefen von 1 bis 4 m sind vorherrschend (Ivanov u. 
M itarb. 1964).
Die glazialen W asserbecken des R ila- und Piringebirges sind im H öhen­
gürtel von 1858 bis 2709 m gelegen, wTobei die m eisten zwischen 2 200 und  
2 400 m ü.d. Meeresspiegel anzutrelfen  sind.
Gemäß ih rer Höhenlage, Tiefe und  ihrem Durchfluß variie rt das Tem pera­
turregim e erheblich. Bei den Seen m it einer Höhenlage bis zu 2 250 m bewe­
gen sich die som m erlichen O berflächentem peraturen um  12-13 °C, selten 
auch 20 °C. Bei den höher gelegenen überste ig t die T em peratu r in der Regel 
n ich t 10-11 °C, und  bei den Seen, die einen Teil ih rer E isdecke auch w ährend 
des Sommers bew ahren, sind in allen Schichten W assertem peraturen von 
4-7 °C zu verzeichnen.
E ine kom pakte Eisdecke h ä lt sich durchschnittlich  200-220Tage im Jah re .
Die Sauerstoffm engen sind s te ts  hoch (7,5-12 mg/1). D er pH  schw ankt 
zwischen 6,4 un d  7,2. Die G esam thärte ist gering (0,5-2,8 d H 0); unbedeutend  
ist auch die O xydierbarkeit (0,8-1,95 mg 0.2/l).
Von besonderer W ichtigkeit sind die niederen W erte der Ca- und  G esam t­
härte , die sich au f die Populationsd ich te aller K rebsartigen  und  Mollusken 
negativ  auswirken, da zum  A ufbau ihrer P anzer und  Schalen das K alzium  
notw endig ist. E ben darum  können sich in den Gewässern am  häufigsten 
u nd  m assenhaft R o ta to rien  (Pedalia bulgarica, m ehrere Synchaeta-Arten, 
Asplanchna sp., Conochilus unicornis, Polyarthra dolychoptera) u nd  Chiro- 
cephalus diaphanus von B ranchiopoda, A nostraca entwickeln.
D er s ta rk e  D urchfluß w irkt sich ungünstig  a u f die P lanktonentw icklung  
aus u nd  die kurze V egetationsperiode (sowie die tiefen T em peraturen) 
reduzieren die Zyklen der E ntom ostraken .
In  den von uns un tersuch ten  56 Seen (31 im R ila- u nd  25 im Piringebirge) 
w urden 41 A rten  von B ranchiopoden u nd  Copepoden festgestellt (32 im 
R ila und  21 im P irin), u n te r  denen die M ehrzahl L itoral- oder B enthosform en 
sind. W egen der schwachen Entw icklung einer höheren W asservegetation 
sind phytophile H ydrobionten selten.
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Das P lank ton  ist m it einer kleinen A rtenzahl vertre ten . Von den oben­
erw ähnten P lan k tern  tre ten  am  häufigsten und gelegentlich m assenhaft 
Daphnia hyalina, D. longispina, Eucyclops serrulatus u nd  Chydorus 
sphaericus auf.
Die E rm ittlu n g  der V erbreitung der Cladoceren und  Copepoden in v er­
schiedenen H öhenlagen zeigt, daß der überwiegende Teil die Zone über 
2000 m ü. d. M. besiedelt (Abb. 1) und  ein viel kleinerer Teil typische Besied- 
ler der N iederungen sind (un ter 1 800 m wurden tektonische W asserbassins 
erforscht). Als echte Bewohner der alpinen Stufe im R ila- und  Piringebirge
Abb. 1. Vertikale Verbreitung der Entom ostraken im  R ila- und 
im Piringebirge
sind Alonopsis elongata, Megacyclops gigas, Camptocercus rectirostris und 
Arctodiaptomus niethammeri zu erw ähnen und  gelegentlich Mixodiaptomus 
tatricus und  Alona rustica. Die übrigen A rten  sind eury top , so daß ihre 
V erbreitung im G ürtel 1 900-2 500 m durch  andere P ak to ren  u nd  n ich t von 
der H öhenlage u nd  dem  glazialen U rsprung  der W asserbecken bedingt ist.
Besonderes faunistisches u nd  ökologisches In teresse gilt Chirocephalus 
diaphanus, der einerseits glaziale Gewässer über 2 000 m H öhe besiedelt und  
andererseits in  der D onauebene und in T hrakien ziemlich verb re ite t ist. 
Versuche einer m orphologischen Abgrenzung der Hochgebirgspopulationen 
von jenen des Tieflandes verliefen bis je tz t erfolglos.
M it A usnahm e von Mixodiaptomus tatricus werden alle fü r die alpine Stufe 
des R ila -u n d  Piringebirges charakteristischen A rten in den W asserbassins der 
N iederungen angetroffen, die vornehm lich eiszeitlichen U rsprungs von Zen­
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tra l-u n d  N ordeuropa sind. Arctodiaptomus niethammeri ist von den S teppen 
K leinasiens, dem  U n terlau f des Don und  aus dem  Peristergebirge in M azedo­
nien bekann t (Flössner 1964, Naidenow 1970, K iefer 1971).
Beim Vergleich der F aunenliste der P irin - (Naidenow 1968) u nd  R ila- 
gewässer m ach t die erstaunliche Ä hnlichkeit der Leitform en unzw eifelhaft 
E indruck. Die größere Anzahl der im R ilagebirge bekann ten  E ntom ostraken  
ist in hohem  Äusm aß a u f das Vorhandensein vieler Seen und  T üm pel im 
W aldgürtel zurückzuführen, B iotope, die im Piringebirge fast gänzlich fehlen.
E in  wesentlicher U nterschied zwischen den Seen der bei den Gebirgssy- 
stem e besteh t im Vorhandensein von Bosmina coregoni im R ila, die aus 
vielen Gewässern der Alpen, K arp a ten  und  der T a tra  bekann t ist. In  beiden 
bulgarischen Gebirgen fehlen V ertre ter der G attung  Cyclops sowie Acantho- 
diaptomus denticornis und  Holopedium gibberum, die in den Seen der A lpen 
und  der T a tra  ziemlich verb re ite t sind.
Die Hochgebirgsseen Bulgariens müssen nach ihren hydrologischen, h y ­
drochem ischen und hydrobiologischen E igenheiten  dem  oligotrophen Typus 
zugeordnet werden. D er G rad der Oligotrophie schw ankt jedoch in ziemlich 
breiten  Grenzen, in A bhängigkeit vom  Alter, dem  T errain  un d  der H öhen­
lage.
Die geologisch jüngsten  Seen sind am  höchsten gelegen. D as Seebecken 
und  seine U fer werden von großen Felsenstücken gebildet, der Durchfluß 
ist sehr s ta rk , G rundablagerungen fehlen, die Versickerung ist erheblich. 
Die Sauerstoffsättigung b e träg t in säm tlichen Schichten etw a 100%, und 
die in das W asser gelangenden organischen Stoffe werden in kurzer Zeit 
vollkom m en abgebaut. Die Schwankungen des W asserspiegels sind b e trä ch t­
lich. Bei Schneeschmelze u nd  reichlichen Regenfällen steig t ihr Seespiegel 
rasch um  1-3 m an, fä llt aber nachher auch rasch wieder ab, da  das W asser 
zwischen den Felsenbrocken versickert.
Das Zooplankton dieser Seen ist q ualita tiv  u nd  q u an tita tiv  außero rden t­
lich arm . N etzphy top lank ton  feh lt in der Regel. Das Pélagial ist n u r von 
Daphnia hyalina und  Megacyclops gigas besiedelt und  in den am  U fer gelege­
nen Zonen wird auch Chydorus sphaericus, Alonopsis elongata, Eucyclops 
serrulatus u nd  m anchm al Chirocephalus diaphanus angetroffen. Aus Mangel 
an  G rundablagerungen entw ickelt sich kein Benthos.
Das zweite S tadium  im Leben der glazialen Seen wird durch die A blagerung 
einer dünnen Schlam m schicht charak terisiert, die eine A bflußverm inderung 
durch E inschränkung der Versickerung und  schließlich eine V erstärkung der 
M ineralisation zur Folge h a t. A lljährlich w ird eine Entw icklung vom 
P hy to - u nd  Zooplankton, wenn auch in kleinen Mengen, beobachtet. A ußer 
den zum  ersten  E ntw icklungsstadium  gehörenden K om ponenten, werden 
zusätzlich noch Daphnia longispina, einige A rten  Alona, Acanthocyclops 
vernalis (s. str.), A . viridis u. a. angetroffen. Das B enthal wird m it In sek ten ­
larven u nd  W ürm ern besiedelt, die gewöhnlich geringe D ichte aufweisen. 
Reicheres Leben besitzt die Zone des Seeabflusses. Die zerstö rten  Felsen­
stücke bilden eine flache und  enge sand-kiesige L itoralzone, in der sich 
H ydrophy ten  ansiedeln, die bei jeder Vereisung des Sees vern ich te t werden.
Zu dieser K ategorie gehört die M ehrzahl der Seen des R ila- u nd  Pirin- 
gebirges.
Das d ritte  S tadium  wird durch m ächtige m ineralische und  organische 
Ablagerungen gekennzeichnet. Das Sauerstoffregim e im Epilim nion ist gün­
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stig, aber dem G runde zu fä llt die S ättigung m anchm al bis zu 30% ab, so 
daß eine völlige O xydation der organischen Stoffe n ich t e in tritt. W ährend 
des größeren Teils des Jah res  is t reichliche Chrysophyceen- und  K ieselalgen­
entw icklung vorhanden. V erhältnism äßig reich ist auch das Zooplankton, 
v ertre ten  durch Daphnia hyalina, D. longispina, Keratella cochlearis, 
Copepoditen von Cyclopoida u nd  Mixodiaptomus tatricus. Q u an tita tiv  herr­
schen die E n tom ostraken  vor.
Die Seeufer von dieser K ategorie sind s ta rk  vergrast, das E u lito ra l m it 
h a rte r W asservegetation bewachsen. Die em ersen Pflanzen bedecken m anch­
m al einen erheblichen Teil der Seeoberfläche. Es entw ickelt sich ein spezi­
fischer litoraler psam m o-phytophiler faunistischer K om plex, in dem  Alonop- 
sis elongata dom iniert.
Das v ierte  S tadium  um faß t die Periode des Versum pfens und  der E u tro ­
phierung der Seen bis zur U m w andlung in  M oraste oder feuchte Seeterrassen. 
Anfangs d rück t sich dieser Prozeß durch intensiveA blagerungvonSchw em m - 
land  aus, durch ein schnelles Seicht werden des Sees u n d  V orrücken der 
W asservegetation zur Seem itte. Die pelagischen P lanktonorganism en neh­
m en ab, um  letztlich  völlig zu verschwinden. Infolge der reichen E n tw ick­
lung der Sphagnaceen w ird das W asser saurer (pH ca. 6,5), was zu einer 
A bnahm e der Abbauprozesse fü h rt. In  dieser E tap p e  sterben die Fische und 
Eulim nobionten aus, oder sie em igrieren nach  M öglichkeit in benachbarte  
günstigere Bassins. In  der E ndphase w ird die ganze Oberfläche m it sauren 
G räsern u nd  Moosen bedeckt, wom it das limnische Leben erlischt.
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PA R T IC IPA T IO N  OF BACTERIA D A P H N IA  P U  L E X  AND 
A L B U R N  U S A L B ID U S  A L B O B E L L A  IN  T H E  ORGANIC 
PR O D U C TIO N  OF L A K E  O H R ID
by
B. O c e v s k i , J. S e r a f i m o v a - H a d z i s c e  and M. T o c k o  
HYDROBIOLOGICAL IN STITUTE, 97300 O H RID , MACEDONIA, YUGOSLAVIA
The organic production o f the  fresh-w ater ecosystems is of p rim ary  im por­
tance concerning th e  stru c tu re  of th e ir living com m unities.
This study , discussing the  p artic ipa tion  of the  bac teriop lankton  Daphnia  
pulex  and  Alburnus albidus alborella in the  organic production of Lake 
Ohrid, will clarify a t  least one link in  th e  g ian t complex of in teracting  re la ­
tionships in this biotope.
MICROBIOLOGICAL RESEARCHES
B acterial com m unity of th e  lake water, as an  in tegral p a r t  of p lanktonic 
com m unity, plays an  im portan t role in the complex chain of nu trition . The 
sm all dimensions enable th e  m icroorganism s to  perform  intensive m etabo­
lism w ith th e  successive accum ulation of h igh-quality  nu trien ts . The bac­
teriop lank ton  being rich in high-calorie n u trien ts  and  indispensable v ita ­
mins is an  ideal source of food for filter-feeders (Cladocera, Copepoda).
B acteriop lankton  as food source for zooplankton in L ake O hrid is the  
sub ject of th e  presen t investigations.
B acteriop lankton  in L ake O hrid is found from  the  surface down to  the  
greatest dephts (for m ethods and  m aterial see Ocevski 1966). L arger q u an ti­
ties of bacteriop lankton  were found in the  upper trophic layer from  0 m to 
a depth  of 50 m. The quantities of hetero trophic bac teriop lankton  in the  
pélagial zone of L ake O hrid from  th e  surface (0 to  1 m) to  a dep th  of 50 m 
in the  period 1966 to  1969 are given in Table 1.
The num ber of p lanktonic bac teria  (Table 1) varied betw een 12 and  28,550 
per ml. Two m axim a have been found, one in the  surface layers (0 to  10 m) 
and  one a t  50 m. In  th e  layers from  20 m to  a dep th  of 40 m where zooplank­
to n  is m axim al, the  hetero trophic bacterioplankton is m inim al.
The in testinal con ten t of D aphnia pulex  collected in  this lake was com ­
posed of rod-shaped, azotobacter-like and  coccal bacteria, yeast-like cells 
and  p lanktonic algae (Table 2).
Table 2 illustra tes th a t  th e  rod-shaped and  azotobacter-like bac teria  dom ­
inate  in  the  in testinal content, followed by th e  yeast-like cells, p lanktonic 
algae and  bacteria.
The significance o f th e  relationship  between th e  fauna of the  lakes and  
their bacterial population is em phasized by  B aier (1935) who points out 
the  im portance of bacteriop lankton  as food for w ater anim als. Also th e  
im portance of bac teria  in th e  n u tritio n  of Daphnia  is stressed by  Gayev- 
skaya  (1938) and  R odina (1964).
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TABLE 1
Vertical distribution of heterotrophic bacterioplankton in  the period  
from 1966 to 1969 (num ber per m l of water)
Depth in m Febr. 1966 May 1966 Aug. 1966 Sept. 1966
0 to 1 747 2,820 1,200 305
10 1,285 1,765 1,430 204
20 3,735 643 1,120 183
30 2,925 1,100 810 219
40 2,975 890 664 870
50 5,770 1,930 124 705
Febr. 1967 May 1967 Aug. 1967 Oct. 1967
0 to 1 4,190 3,010 400 524
10 1,910 48 1,500 798
20 622 47 50 290
30 350 113 46 80
40 2,075 315 70 138
50 661 530 12 405
Febr. 1968 May 1968 Aug. 1968 Oct. 1968
0 to 1 138 700 388 4,980
10 109 23,700 139 3,600
20 108 1,054 243 456
30 152 456 131 21
40 118 317 32 207
50 61 282 13,925 2,885
Febr. 1969 March 1969. June 1969 Oct. 1969
0 to 1 344 286 2,780 490
10 28,550 95 2,760 300
20 985 78 830 139
30 2,695 58 286 167
40 4,820 66 154 30
50 19,270 1,250 6,827 435
Fig. 1. K ate (1,000 per ml/h) o f  utilization o f  bacteria as food b y  D aphn ia  pu lex  (exper­
im ental study). A  =  cocci from bacteria; В =  rod-shaped bacteria
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TABLE 2
C om position o f the in testina l content of D aphn ia  p u lex  (evidenced by m icroscope)
B acteria O ther microorganisms
Date
1 .rods 2. cocci 3. azotobacter- 
like 1. yeast-like 2. algae
1 6 . 1 0 . 6 8  D1 + + + + + + + + — + + + + - + + - _|----------------
D3 4—h +  +  + + + +  — H— Ы - + + 4" 4------------ + + ----------
D5 4— 1— 1—1—(- 4---------------- 4— 1— 1—i-4~ + + + — —
D 7 4— i—1—1— + + — 4—1— 1— 1— -)—1— 1— 1—
D 9 + + + + - + — + + + + + + H ------------ + -------------
19. 2. 69 Ш + + + + + + + + - - + + + - - + ------------- + + +  —
D3 4— 1— 1— i— H— 1— 1—1— +  H------------ 4---------------- + + ----------
D 5 + + + - - + + + - - 4“ 4------------ + + + — + + ----------
D 7 H— h +  H----- + + — + + + — + + + - + + -----
D 9 + + + + - + + — — H-------- + -------
19. 6. 69 D1 + + + + + +H------ + + + + - + + + — + + +  —
D3 4—1—м -4- + + + — + + + - - + + + - - + + -----
D5 4-4—t-4—4 + + + - - H—1—1—h + + + + - - + + -----
D 7 + + + + + + +  — + + + + - + + + - - + + -----
+  +  +  +  + :  p re se n t in  th e  g re a te s t n u m b e r; +  +  +  4—  : p re sen t in  a  g rea t nu m b er; +  +  H--------: p re sen t in
th e  m ean  n u m b e rs; +  H----------- : p re sen t; ----------------: p re sen t in  a  sm all n u m b e r ; ----------------- : n o t p re sen t
Consequently, th e  experim ents were perform ed by using bacterioplank- 
ton  isolated from L ake Ohrid, as food by  D aphnia pulex. Thus, on th e  basis 
o f our laboratory  experim ents, th e  num erous dissections o f Daphnia  and  
th e  microscopical observations of its in testina l contents, i t  can be concluded 
th a t  bac teria  are ingested and  digested by  crustacean zooplankton. In  our 
investigations w ith suspensions of cocci-shaped bac teria  th e  m axim um  
values of th e ir ingestion by D aphnia pulex  were 5.74 per cent in th e  first 
12 hours; in the  subsequent 12 hours it used only 1.03, and  in th e  last 12 
hours 0.39 per cent; th e  to ta l for 36 hours was 7.16 per cent per anim al 
(Fig. 1A).
Suspension of rod-shaped bac teria  was utilized to  a lesser ex ten t by th e  
experim ental anim als in the  36-hour period. So in th e  first 12 hours bac teria  
were ingested by D aphnia  in 4.09 per cent, b u t in th e  nex t 12 hours th e  
ra te  of utilizing rod-shaped bac teria  decreased to  1.03, and  in th e  last 12 
hours to  0.33 per cent (Fig. IB), or more exactly , for th e  36-hour period 
every experim ental filter feeder utilized 6.07 per cent.
F or th is reason, th e  density  of th e  bacteriop lankton  in L ake O hrid is 
more or less dependent on th e  abundance of bac teria  and  on th e ir utilization 
in th e  food cycles as filter feeders.
STUDIES ON ZOOPLANKTON
A lthough D. pulex  is num erically no t th e  dom inant species of the  p lanktonic 
com m unity owing to  its biomass, it  is the  m ost significant elem ent.
Investigations of th e  tw o O hrid salm onids Salmo letnica K ar., and  
Salmothymus ochridanus (Steindachner) (Stefanovic 1948, Hadzisce, un-
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TABLE 3
F luctuation  of num ber o f D. pulex in  groups of different length in  1966 ( absolute values)
Date Freeeggs
Free
embryos
Length groups (length in a ) Total (eggs, 
embryos), 
young and$$ without eggs $$ with eggs
52;>- 
700 /a
700 -  
875 [x
875- 
1,050 ja 1
1 0 5 0 -  
1,225 jU.
1,225- 
MOO ju
1,400- 
1,575 /u.
1 ,575-  
1,750 p,
1,700- 
1,925 /tx
1 ,925-
2,100 ju
2,100- 
2,275 [X
1,400- 
1,575 [X
1,575- 
1,750 [X
1,750- 
1,925 [X
1,925- 
2,100 fx
2,100- 
2,275 fx 9?
2 2 . 2. 66 2 2 5 26 25 28 ___ ___ 2 1 91
2. 3. ___ 2 — — 7 27 17 3 — — — 6 3 — 65
11. 3. 1 и 10 3 ___ 3 2 58 15 14 — — 2 22 и — 152
21. 3. 1 3 43 12 13 ___ — — 8 38 16 — 1 18 9 l 168
2. 4. 39 35 5 — — 3 31 1 — — 2 10 9 — 135
5. 4. 12 34 14 5 2 — 7 49 5 — — — 17 13 — 158
12. 4. 1 21 12 30 32 8 4 5 28 — — — — 11 5 3 100
16. 4. 1 1 44 14 14 7 6 5 12 6 — — — 11 3 — 124
20. 4. 18 10 8 21 3 10 14 7 — — — 5 4 — 100
25. 4. 1 1 33 22 21 54 13 20 21 19 — — 10 10 2 233
30. 4. 4 2 10 14 - 14 44 15 10 2 — — 7 1 1 — 133
7. 5. 1 21 20 19 30 13 — — 1 4 8 3 — 120
21. 5. 3 6 4 45 28 15 12 IS 14 8 2 — 4 8 7 — 174
1. 6. 1 6 38 30 25 24 21 17 5 2 2 9 9 3 198
1 1 . 6. 5 1 29 65 19 31 52 23 7 — — 7 9 1 1 250
24. 6. 2 4 228 128 88 28 49 151 40 4 5 1 l 23 24 11 1 788
9 347 225 82 51 42 52 103 35 7 — 15 31 6 988
14. 7. 1 14 447 320 210 29 22 50 60 19 9 9 10 12 2 1,252
23. 7. 0 5 524 380 314 240 283 49 26 20 24 1 13 11 7 1,909
8 . 8. 9 7 382 440 301 266 157 56 70 8 — 4 15 11 1,792
12. 8 . 3 5 315 384 269 165 143 245 123 67 19 29 20 4 1,791
22 . 8. 4 6 322 291 289 104 113 219 180 23 2 — 2 21 19 3 1,658
31. 8. 14 313 264 289 102 202 148 232 40 — 1 9 17 7 1,698
2. 9. 6 10 313 327 181 283 219 181 185 148 45 0 — 19 19 2 1,950
10. 9. 8 435 158 230 137 258 395 204 91 14 4 12 26 6 1 2,046
9 9  Q 2 7 85 253 141 133 187 394 395 56 9 — 1 10 25 8 3 1.709
4. 10. 3 1 и 51 72 258 302 815 486 151 13 1 — 7 16 2 1 2,250
17. 10. 7 30 82 207 374 147 16 2 — — 5 — — 870
29. 10. 2 1 9 9 52 234 407 82 1 — 4 8 2 811
22. 11. 2 ___ 24 11 70 189 27 5 1 — — 1 5 1 335
2. 12. 8 7 16 28 23 101 90 2 — — 9 8 2 — 200
28. 12. ___ ___ ___ 3 — 8 6 4 21 5 — — — 4 2 — 53
7. 1.07 - ИВ — — 0 — 6 19 43 11 — — — 5 “
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published data) and  cyprinids (Tocko 1969) showed th a t  D. pulex  is o f p ri­
m ary im portance in th e  nu tritio n  of these species.
I t  is well-known th a t  D. pulex  lives in ponds and  is to  be found in the  
litto ra l of g reat lakes. Since the  species is found th roughout th e  year in the 
pélagial region of L ake O hrid it  is worthwhile to  s tu d y  its  biology an d  eco­
logy. This species was collected betw een 1965 and  1968 a t  in tervals of ten , 
frequently  of seven or even th ree  days (Table 3).
In  J a n u a ry  and  F ebruary  single specimens of large, old individuals can 
be found in th e  p lan k to n  of th e  lake. Their num ber does no t exceed 5 ind. 
per m 3 of water. Some o f them  probably  carry  abortive eggs. W ith  certain 
oscillations th e  population  o f D aphnia  subsists in M arch and  in the  first 
half of April, m ainly represented by  aged grow th classes. In  th e  las t decade 
of M arch p a r t  of th e  old individuals produces th e  new generation and  now 
th e  population  is composed chiefly o f young females. The tem p era tu re  en ­
hances intensive grow th and  early  m atu ra tio n  so th a t  in th e  subsequent days 
the  m iddle-aged grow th classes, i.e. individuals from  700 to  1,750 p are dom i­
n an t. These are all young females having ju st reached sexual m atu rity , more 
th an  70 per cent carrying 1 or 2 eggs; th irty -six  per cent of all females ca rry ­
ing egg has only a single one.
Such a  population  s tru c tu re  leads to  an  intensive reproduction which 
results in an  increase of th e  population  in general and  the  dom ination of the 
young classes. In  th e  las t ten  days of April, 43 per cent o f the  to ta l popula­
tion is represented by  length  classes I I ,  I I I  and  IV, and  57 per cent by  classes 
V, V I and  V II, whereas th e  older and  larger specimens are absent from  the 
p lankton . A lthough th e  tem peratu re  of w ater layers in which the  Daphnia  
lives is no t high, ranging from  13.38 °C to  6.45 °C, the  grow th is intensive, 
m olting occurs a t  sh o rt intervals, and  in M ay th e  to ta l population  is com ­
posed of ad u lt females b u t young grow th classes, which m eans th a t  we 
have com pletely new, i.e. renewed population, in the  phase o f intensive re ­
production.
Ju n e , Ju ly , A ugust, Septem ber and  the  first ten  days of October are the  
period of m axim um  population density  of D. pulex  being a t  th e  sam e tim e 
th e  period of intensive reproduction. H igh tem peratu res varying from 
20.94 °C to  6.98 °C in Ju ly ; from 22.30 °C to  6.80 °C in A ugust; from 21.80 °C 
to  6.91 °C in Septem ber; from 19.65 °C to  6.86 °C in the  first ten  days of 
October, and  abundance of food (phy top lank ton  or bacteria) help fast tra n s ­
form ation of certain  stages, egg m atu ra tio n  and  em bryonic grow th, re su lt­
ing in th e  g reat dynam ics in  th e  population  com position of D. pulex. The 
to ta l population  gradually  increases b u t th e  ra tio  of th e  young to  sexually 
m atu re  individuals is always different.
From  the  second decade of October the  decrease of Daphnia  population, 
th e  dim inishing of reproduction, the  gradual disappearance of young grow th 
classes, a perm anen t increase o f old classes begin b u t w ith a considerable 
decrease in th e  to ta l population reaching the  lowest point in Decem ber and 
Jan u a ry . The population  is m ainly com posed of large, old individuals, 
some of them  carrying one egg which, m ost probably, is abortive since we 
had  no t been able to  find young individuals in th e  p lankton .
In  order to  analyse its  population dynam ics th roughou t th e  year m onthly  
m easurem ents of D. pulex  from  th e  collected m ateria l were perform ed. Thus 
th e  length  classes of th e  newborn specimens and those of the  sexually m ature
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and  th e  old females were determ ined. Division of D aphnia  in dilferent length 
classes enables us to  determ ine th e  grow th, sexual m atura tion , age d istrib u ­
tion, dying ra te  and  th e  life span of D. pulex  in the  lake.
Ten groups were differentiated, four of them  representing young, sexually 
im m ature individuals, and  th e  o ther six sexually m atu re  Daphnia  (Meskova 
1952).
The new born individuals of D. pulex  are (from th e  top  of the  head  to  the  
beginning of th e  spine) 525 to  700 p long. B etw een 1,225 and  1,400 p  they  
are young and  sexually im m ature. The size of th e  sexually m atu re  indi­
v iduals varies from  1,400 to  2,100 p. M any of the  individuals over 1,925 p  
do no t m ultip ly  and  are old. The few specimens from  2,100 to  2,275 p  are 
very  old.
Analyses of th e  m easurem ents show th e  following dynam ics: in Jan u a ry  
length  class V II I  dom inates in th e  p lank ton  of L ake O hrid being followed 
by  classes V II  and  IX , represented approxim ately  by  the  same values. 
Classes V I and  V are represented only by single specimens. Y oung individuals 
do n o t occur a t  all.
In  F ebruary , w ith a decrease in the  to ta l population, length class IX  p re­
dom inates, i.e. th e  dom inating class from  th e  previous m onth which con­
tinued  growing. Im m ediately  a fte r it  follow classes V II I  and  V II. Classes 
VI, V and  IV  are represented by low values.
In  March, there is an  increase in the  absolute num ber of class V II I  owing 
to  th e  transform ation  of th e  individuals belonging to  class V II of th e  p re­
vious m onth.
In  the  first ten  days of April, since reproduction has begun during March, 
young classes appear and dom inate. The m ost common are classes I  and  II , 
and  also a special grouping around class V II I  is obvious. Old individuals of 
class X  cannot be encountered in the  p lank ton  a t  all.
May is the  period of young populations w ith the  dom ination of the  repre­
sen tatives of length  class I I ,  followed by  classes I I I ,  IV , V and  VI.
In  Ju n e , parallel to  the  grow th of th e  to ta l population, intensive grow th 
and  m olting can be observed. Class V I dom inates followed by classes V 
and  V II. New generations belonging to  classes I, I I ,  I I I  and  IV  are highly 
perceivable.
In  Ju ly  all th e  grow th classes (from the  youngest to  the  oldest) and  all 
length  classes (from th e  shortest to  th e  longest) are present. Class I  dom i­
nates, a fte r it  come classes I I ,  I I I ,  IV  and  V observed a t  th e  end of June. 
B u t a t  th e  same tim e, the  intensive reproduction of the  m iddle-aged classes 
continues resulting in th e  increased im portance of classes I I I  and  IV, in 
th e  last ten  days of Ju ly .
In  A ugust th e  same situation  can be observed. A great percentage of fe­
males lays eggs, resulting in th e  appearance of the  new young generation a t 
th e  beginning of Septem ber, however, in sm aller num bers th a n  in Ju ly .
A t the  end of Septem ber, classes V I and  V II dom inate represented by  
alm ost the  sam e values; classes V, IV  and I I I  occur in a considerably sm aller 
num ber, b u t classes I I  and  V II I  are still rarer, while classes I  and  IX  are 
represented by  a  few specimens.
In  October, length classes V I and  V II dom inate, and  there is a regular 
grouping around them  of th e  o ther classes. L ength  classes I, I I ,  I I I  are 
absent, b u t very  large, old individuals of class X  are found.
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In  Novem ber, the  to ta l population decreases. L ike in th e  previous m onths, 
class V II dom inated, followed by classes V I, V, V III, IV  and  IX . Single 
specimens of class X  were also found.
F inally , in  Decem ber, the  population goes on decreasing. In  th is period 
length  class V II I  is dom inant, while classes V II, V I, V, and  IX  are repre­
sented by  single specimens.
F rom  th e  above analyses it  can be concluded th a t  in L ake Ohrid th ree 
generations of D. pulex  population occurs in a year. D aphnia  born in M arch 
and  April, m ultiplying in April, M ay and  in  th e  first p a r t  of Ju n e  dies in 
Ju ly . D aphnia  born in M ay and  Ju n e  m ultiplying in Ju ly , dies in th e  second 
p a r t  of A ugust and  in  Septem ber. F inally, D aphnia  born  in Ju ly  and  in the 
first p a r t of A ugust, m ultiplying in  A ugust and  Septem ber dies in  N ovem ­
ber, Decem ber and  Jan u ary .
So th e  average length  of life of D. pulex  in  L ake Ohrid is abou t 110 days.
ICHTHYOLOGICAL STUDIES
O hrid bleak Alburnus albidus alborella F ilippi is a significant m em ber of the  
ich thyo-fauna of L ake Ohrid and  of the  whole lake ecosystem  (Tocko 1967). 
F o r several years its annual catch  came ju s t a fte r th a t  of the  noblest fish 
o f th e  lake and am ounted  to  a qu arte r of th e  to ta l catch  (Stankovic 1960, 
Tocko 1967). W ith  regard  to  th is it can be com pared w ith  P respa bleak 
(Alburnus alburnus belvica K aram an) and  Skadar bleak inhabiting Lake 
S kadar (Tocko 1959, Ivanovic 1964).
Ohrid bleak inhab its the  litto ra l o f the  lake [from 0 to  18 (20) m] where life 
conditions are th e  m ost diverse and  m ost variable. I ts  shoals can be rarely 
found in o ther regions of the  lake. I t  is obvious, nevertheless, th a t  there  is a  
certain  d ifferentiation in the  com position of its  shoals and  o f the  to ta l popu­
lation  in common. I t  can be certain ly  divided into th ree  m ain categories: 
1. shoals of larvae and  of young individuals, several m onths old which, as a  
rule, live over a som ew hat extensive zone of Cladophora or near th e  surface 
of th e  upper litto ra l (0 to  5 m); 2. shoals composed of young individuals aged 
1 to  2 years, living in the  upper litto ra l of th e  lake, too, isolated from  th e  
shoals of th e  previous category; 3. shoals of adults, m any of them  reaching 
over 10 m in length.
Unlike the  Ohrid bleak, S kadar bleak and  P respa bleak also grouped in 
re la tively  large and  num erous shouls, move and  live th roughout th e  whole 
lake inhabiting its  pélagial, too.
Shoals of Ohrid bleak subsist even during sexual ac tiv ity , from  the  middle 
of M ay up to  th e  beginning of A ugust, b u t w ith considerable changes. In  
th is phase, the  sexually developed specimens go in th e  upper and  shallow 
litto ra l of th e  lake grouped in shoals of several individuals, predom inantly  
males, arranged closely one by one giving th e  im pression of a large sca tte red  
shoal from  the  vegeta tive stage.
Ohrid bleak spawns along th e  extensive zone of C ladophora a t  a  dep th  
from  0.5 to  abou t 2 m and, very  rarely, its sexually developed individuals 
go down along th e  chara-prairies spawning a t  the  dep th  of 10 to  12 m 
which is, undoubted ly , an  ecological characteristic of th e  population  of 
O hrid bleak.
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The spawns of O hrid bleak are already  developed and  eyed eggs are 
relatively  sm all w ith a d iam eter o f abou t 1.5 mm, som ewhat transparen t, 
w rapped up  w ith a th in  m em brane. Their vitellus having round shape and 
yellowish-grey colour, is s itu a ted  in the  centre of the  eyed egg. The develop­
m ent of the  eyed egg of Ohrid bleak occurs a t  a re la tively  high tem peratu re  
of 1 8 °C to  22 °C. F or th is reason their em bryonal and  pre-larval stage is 
short, th e  vitellus being resorbed in 10 days. This way the  fish passes on the 
exogenous nu tritio n  ju s t a t  th e  tim e when the  lake including the  species 
provides food for b leak ’s larvae (Tocko 1960).
In  the  above-m entioned ontogenetic phases the  following morpho-eco- 
logical peculiarities were significant: a relatively small num ber of melanofores 
and  xantofores, weakly developed em bryonal blood system , insufficiently 
developed pectoral fins, m ouths. A few days a fte r th e  appearance and  differ­
en tiation  of the  m axim al num ber of m yomeres, several o f them  disappeared 
owing to  the  d ifferentiation of urostyles in the  caudal region being also the 
case in the  em bryonal developm ent of the  o ther Teleostei in Lake O hrid and 
of o ther bony fishes, in general (K rizhanovskv 1949, Tocko 1959, 1960).
C ontrary  to  the  O hrid bleak being typ ical phytophilous fish, P respa bleak 
and  S kadar bleak are litophilous forms. In  addition, th e  spawns of th e  P respa 
and  particu larly  the  S kadar form of these species are larger. The diam eter 
of th e  eyed eggs of Skadar bleak is large com pared to  o ther m em bers of this 
genus (A lburnus; 5.5 mm) (Ivanovic 1964). I t  should be tak en  as a special 
characteristic of th is population if we can accept th e  above-m entioned d a ta  
as definite.
E m bryonal and  larval developm ent of the  above-m entioned forms shows 
sim ilar morpho-ecological properties w ith th e  corresponding ontogenetic 
phases in the  developm ent of th e  o ther representatives of genus Alburnus 
(K rizhanovskv 1949, Tocko 1960).
Passing to  exogenous n u tritio n  is followed, a t  least under artificial condi­
tions, especially in cold water, by  a  g reat m orta lity  which can reach over 90 
per cent. L arvae grew m ostly  a t  th e ir growing edges, and  least in th e  central 
p a r t  of the  body; th e  sam e is the  case w ith larvae of th e  o ther Ohrid and 
P respa cyprinids and  of cyprinids in some o ther biotopes in E urope and, in 
particu la r, in the  B alkans (Stankovic 1921, 1925, Tocko 1960).
The ra te  of the average annual grow th concerning length, weight and  co­
efficient, too, is m ost intensive in the  first and second years; a fte r th a t  it
TABLE 4.
A verage yea rly  increm en t in  len  gth in  cm  (  1 a n d  2 )  a n d  in  p er cent (3  a n d  4 )
Species
Age
b 1, , 1. 15
1. Ohrid bleak 3.5 2.3 1.7 1.4
2. Skadar bleak by B. Ivanovic 4.47 3.11 2.34 -
3. Ohrid bleak 83.30 29.80 17.08 11.9
4. Skadar bleak by B. Ivanovic 66.80 27.40 16.80 —
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considerably decreases. A t th e  sam e tim e it is rem arkable th a t  th e  absolute 
values of length and  weight for the  Skadar bleak, for one and  th e  same age 
are considerably g reater due to  its place in th e  lake ecosystem  (Tocko 1969) 
(Tables 4 and  5).
TABLE 5
A  verage yearly increment in  weight in  g (  1 and 2 )  and in  per cent (  3 and  4 )
Species
Age
1, l a l. О 1.
1. Ohrid bleak 4.1 4.7 3.5 4.2
2. Skadar bleak by B. Ivanovic 7.16 10.73 12.43 —
3. Ohrid bleak 75.00 49.40 24.60 23.10
4. Skadar bleak by B. Ivanovic 42.90 45.90 25.60 -
Analysis of th e  length  classes of Ohrid bleak (Fig. 2) shows th a t  the 
com m onest are length  classes from  95 to  105 mm, from  85 to  95 mm, and 
from  105 to  120 mm. Classes under or over these values are m inim al. The 
diagram  illustrates some of th e  sam ples from  the  vegetative and  sexual 
phases. The corresponding differences in weight classes are given; age classes 
2+ and  3+ are m ostly present there. Analysis of P respa and  Skadar bleak 
catch  shows close sim ilarity  in length, weight and  age as well, tak ing  into 
consideration the  corresponding greater dimensions of length  and  weight 
from  classes of th e  same age.
The sex relationship of the  Ohrid bleak varies, depending on season, age 
and length  classes sim ilar to  P respa bleak and  Skadar and  to  o ther fishes.
N u trition  of Ohrid bleak has been studied in all its  basic ontogenetic 
phases a t the  different localities of the  lake, and  it  proved to  be p lanktonic 
and selective (Tocko 1960, 1967). D uring th e  larval phase, particu larly  a t  its 
beginning, the  nu tritio n  is relatively  more diverse as a resu lt of th e  presence 
of R o ta to ria  and  p lanktonic desm ids in th e  in testinal content. B u t a t  the  
end of the  larval phase th ey  are rarely  found and  in the in testinal conten t the  
Copepoda and Cladocera, Diaptomus and  D aphnia pulex, and  in certain  
cases, even Cyclops species dom inate. The represen tatives of Copepoda dom i­
nate  in the  food of P respa forms. The Skadar bleak shows th e  same charac­
teristics concerning food (Ivanovic 1964).
I t  is well know n th a t  Lake O hrid is a salm onid lake (Stankovic 1960) 
unlike Lakes P respa and  Skadar. These tw o although oligotrophic are cy- 
prin id  lakes. In  L ake Prespa, P respa bleak {Alb. alb. belvica) and  under­
m outh (Chondrostoma nasus prespensis) dom inate fish. L ake S kadar is 
dom inated by Skadar bleak {Alb. alb. alborella). A lthough in Lakes P respa 
and  S kadar tro u ts  are present, th e  m orphom etrical factor, i.e. the  relatively  
sm all volum e of th e  hypolim nion, lim its th e ir abundance leading to  a very  
sm all size, although basically th ey  are real p redators and  p lankton-eaters, 
and  sheat fish, pike and  o ther predators are absent. This is th e  circum stance 
th a t determ ines th e  dom inating place of th e  P respa and  Skadar form  in
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Fig. 2. Length classes o f Ohrid bleak i:
7.
per cent o f the total sam ples (specimens)
these lacustrine ecosystems. In  L ake Ohrid, however, thanks to  the  larger 
hypolim nion, i.e. hom otherm al lacustrine zone, and  to  favourable condi­
tions in th e  g reater p a r t  of th e  upper, heterotherm ic zone, the  larger Ohrid 
tro u t, Salmo letnica K ar., has become its dom inant fish am ounting to  more 
th an  40 per cent o f th e  to ta l annual fish catch. T rou t as characteristic p lan k ­
ton -ea ter and  p redato r of O hrid bleak a t  the  same tim e has become the  dom i­
n an t fish in the  lake in the  absence of o ther more characteristic and  larger 
p lankton-eaters and  predators. In  a hard  com petition w ith  o ther forms using 
th e  same ecological niche, planktonic Copepoda and  Cladocera populations 
o f Ohrid bleak have been pushed to  th e  second place and  restric ted  to  the 
litto ra l region of th e  lake where th e  tro u t stays for a re la tively  sho rt period
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o f the  year. I t  is for the  same reason th a t the  absolute values of th e  weight 
and  age classes are sm aller. These values are stressed by  th e  relatively  
lower tem peratu res of L ake O hrid in com parison w ith Lake Skadar, condi- 
tionating  relatively  less intensive m etabolism , particu larly  in the  sum m er 
period (Tocko 1967). In  favour o f th is s ta tem en t are d a ta  abou t bleak and 
tro u t catch  in the  last decade where the  bleak catch  is in inverse ra tio  to  the  
tro u t catch.
All this, as well as caloric values of O hrid bleak (Sapkarev 1958) led to  the 
conclusion th a t it is a significant com ponent of th e  lacustrine ecosystem.
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SU B JEC T IN D E X
A  canthocyclops 
gigas 282
vernalis 217, 282, 283 
vir id is  282, 283
A canthodiaptom us denticornis 283 
Acer in a  cernua  277 
A chnanthes clevei 51 
flexella 51 
lanceolata 51 
microcephala 51 
peragalli 51 
actinom ycètes 237, 238 
Aegean lake zone 242, 243 
A gabus nebulosus 269 
age com position 273, 275 
A grionidae  250-253
A lburnus albidus alborella 285, 291, 292, 
294
alburnus 276 
belvica 291, 294
algae 31, 60, 71-75, 77, 78, 82-84,
86- 88 , 225-226, 241 
epibenthic 151
filam entous, 27. 89, 93, 107, 108, 130 
138, 139, 177, 218-222, 240 
planktonic 29 
blue 184
blue-green 104, 107, 151, 241 
green 104-107, 183, 240 
algal biom ass 78 
alkali lakes 135, 189 
alkalinity 82, 84, 114 
alkali soil 189, 190, 192 
A lo n a  affinis 282 
guttata  282 
quadrangularis 282 
rectangula 282 
rustica  282 
A lonella  excisa  282 
nana  282
A lonopsis elongata 282-284  
alpine waters 206, 211 , 213 
am m onia 33, 193 
A m phip leura  pellucida  51 
A m phora  ovális 51 
am ylose 141, 145, 146 
A nabaena  238, 241 
affinis 72, 73
A nabaena spiroides 238 
variábilis 5 1 
Anacaena lim bata  269 
A nachous canadensis 50 
A nkistrodesm us  230 
A nodonta  257 
Anostraca 281 
A nuraeopsis ßssa  242, 243 
A phanizom enon flos-aquae 72, 73, 220, 
225
issatschenkoi 73 
var. klebhanii 218 
A posten id ium  guernisal 50 
Arctodiaptom us a lp inus  282 
nietham m eri 282, 283 
A rm iger crista  252 
Ascom orpha ecaudis 242, 243 
Asellidae  258
A sellus aquaticus 252, 257 
ash 118-122
asparagine 142, 145, 146 
A sp lanchna  281
priodonta  242, 243 
Asterionella  225 
fa rm osa  51
Bacillariophyceae 51, 71-73, 80, 88
bacteria 22, 60, 101, 135-139, 141-146, 
222, 235, 237, 285, 286 
bacterioplankton 60, 65, 152, 233-235, 
237, 244, 245, 285, 286 
bactopepton 142-144  
benthic bacteria 139, 233-237  
benthic com m unity 150, 157, 211 
benthic elem ents 30, 60 212, 213 
benthic prim ary production 33 
biom ass 22, 30-31, 58, 65, 91, 92, 103-107, 
116, 118-121, 128, 142, 144, 147, 
157, 177, 205-206, 209, 211, 213, 
215-221, 237, 247-253, 255-260  
bacterial 135-138, 143 
crustacean 218 
fish 273, 277-278  
shoot 114-117, 121, 122 
B iva lv ia  258 
bleak 276 
B O D -bottles 135 
Bodensee-Untersee 21, 26, 27
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Bolboschoenus 83, 87, 88 , 90, 91, 93, 129, 
130
m aritim us 79, 92, 125-127, 129 
Bosm ina coregoni 282, 283 
longirostris 282 
B otrydiopsis  277-230  
minor 226, 227
bottom  22, 24, 32, 49, 50, 52, 78, 82, 
103, 117, 137, 150, 157, 163, 168, 
175, 177, 184, 187, 205, 241, 243, 
256
bottom  fauna 157, 255, 261 
bottom  sedim ents 207, 210 
bottom  water 25, 150, 152 
Branchiopoda 281 
B ray solution 29 
Bulbochaete 51
Ca2+ 65, 97, 98, 113, 114, 118-122, 169, 
170-174, 207, 266, 281 
Caenis horaria 250-253  
California crayfish 60 
Cnlothryx parietana  51, 54 
Camptocercus rectirostris 282 
cannibalism  212, 277 
carbon (C) 35, 36, 50, 56, 138, 139, 158, 
160, 176
carbonic acid 181 
carboxylic acids 190 
Carex riparia  127-129  
carp 77, 103, 185 
cellobiose 141, 145 
cellulase 145 
cellulose 141, 145-147  
Ceratium hirundinella 30, 234, 239 
f. silesiacum  72, 73 
Ceratophylletum demersi 103, 109 
Ceriodaphnia quadrangula 282 
Chaoborus crystallinus 242, 243, 252,
256, 257, 258, 259, 260-263 
Characium ambiguum  72-73 
Chorales 103
Chirocephalus diaphanus 281-283  
Chironomidae 157, 250-253, 256-262  
Chironomus plum osus 256-260, 262-263 
Chlorella pyrenoidosa  226, 227, 230 
vulgaris 197, 226, 227 
Chlorocloster m inim us 226, 227 
Chlorococcales 71-73, 89, 90 
Chlorococcum infusionum  226-229  
Chlorophyceae 51, 80, 239, 240 
chlorophyll 22, 78-83, 87, 89, 118 
о 84-89
Chlorophyta 29, 30, 227, 239 
Chondrostoma nasus prespensis 293 
Chroococcus limneticus var. distans 238 
Chrysomonadinae 240, 241 
Chrysophyceae 51, 239, 284 
Chrysophyta 29, 30, 239, 240 
Chydorus sphaericus 282, 283 
C l-  65, 114, 120, 121, 169-174 
Cladocera 242, 243, 282, 285, 294 
Cladophora 150, 271, 291, 292
Cloeon dipterum  250-253  
Closterium  240 
Clostridia felsineum  190 
14C m easurem ents 37, 57, 58, 135,
158
C : N  ratio 163 
CO, 141, 190, 191, 234 
СО2" 65, 97, 98, 169-174, 266 
Cocconeis disculus 239 
placentula  51 
Coelambus im pressopt. 270 
confluens 270
Coelastrum astroideum  240 
microporum  240 
reticulatum  72
Coelosphaerium kuetzingianum  238 
Coleoptera 250-253  
conductiv ity  25, 169-175  
Conjugatae 240 
Conochiloides dossuarius 242 
Conochilus unicornis 281 
Copepoda 205-210, 242, 243, 282, 284, 
285, 294
Cosmarium  51, 240 
crayfish 61
Crucigenia tetrapaedia  72, 73 
Crustacea, planktonic 31, 213, 215-222, 
285
Cryptom onas erosa var. reflexa 72 
ovata 71, 73 
reflexa 51 
Cryptophyceae 51 
Culicidae 257-258, 261 
C yanophyta 29, 30, 51, 88-90, 219-221, 
238, 240 
Cyclops 220
ricinus 217, 218 
Cyclotella 71-73, 293 
antigua 51
bodanica 30, 51, 54, 55 
ocellata 30, 239 
Cyrnatia coleoptrata 252 
Cymatopleura solea 51 
Cymbella cuspidata  51 
lanceolata 51 
prostrata  51 
sinuata  5 1 
ventricosa 51, 53 
cyprinids 286, 293 
C yprinus carpio 103 
C yrnus flavidus 250-253  
Cactylococcopsis rhapidioides 72, 73
D aphnia  8 7 
cucullata 219 
hyalina  282-284  
longispina  242-243, 282-284  
magna 184 
obtusa 282
pulex  285-289, 291, 294 
D ecapoda 60 
Denticula (elegáns) 51 
Desmidiaceae 240, 241, 294
298
detritus 83
Liaphanosom a brachyurum  218, 242 
D iaptom us shoshone 207, 209, 294 
tyrrelly 205-210
diatom  52-54, 81, 82, 104-107, 239-241  
D iatom a anceps 51 
hiemale (  mesodon )  51 
vulgare 51
D iatomella balfouriana  51 
D ictyosphaerium  pulchellum  73 
D idym ocystis planctonica  73 
D inobryon  239 
divergens, 71, 239 
sertularia  51 
dinoflagellates 104-107  
D inophyceae 51 
D iploneis oculata  51 
elliptica  51 
D iplospkaeria  230 
D iptera 208, 209, 250-253  
D iurella  stylata  242 
D reissena polym orpha  242, 243, 257 
duckweeds 125-130
E chnom us tenellus 250-253  
Elodea canadensis 103 
energy transform ation 277-279  
E nochrus testaceus 269, 270 
Ephem eroptera 248, 250-253  
epilim nion 143, 177 
E p ithem ia  argus 51, 53 
sorex 5 1 
turgida  51 
zebra 51 
E quisetum  79 
Erpobdella octoculata 257 
E sox  lucius  103 
E uastrum  bidentatum  51 
E ubranchipus in tricatus  207, 209 
Eucyclops serrulatus 282, 283 
E udiap tom us gracilis 218, 225-227, 229, 
230
vulgaris 282 
E udorina  elegáns 239 
Euglena  51, 239, 240 
E uglenophyta 29, 30, 239-241  
E uilyodrilu s ham m oniensis 256-259, 263 
E u n o tia  tenella  51
euphatic zone, 37, 41-43, 45, 58, 157 
Eurycercus lam ellatus 282 
eutrophication 26, 30, 44, 45, 59, 60, 
66 , 75, 143-147, 149, 155, 162, 177, 
186, 233, 240-242, 256 
eutrophic lakes 34, 35, 39, 65, 68 , 69, 141, 
143, 145, 268
F e2 + 50, 114, 118, 169-174, 190, 191 
FeS 151, 181-185, 191, 192 
fish 103, 106, 107, 125, 176-178, 181-185, 
193, 207-213, 273-292  
fishpond 77, 78, 83-89, 93, 100, 116, 
120, 125, 128-130, 187, 189 
Fissidens 50
Fragilaria  capucina  51-53  
crotonensis 51, 53, 54 
in term edia  51 
p in n a ta  51, 55 
vaucheriae var. capitellata  51 
F ru stu lia  rhomboides 51 
fungi 237, 238
Gammaridae 258 
Gastropoda 256 
O eminella ordinata  50 
generation tim e 142, 143, 147, 198, 209, 
210
Glauber’s salt 191 
Gloeotila 71, 73 
G lossipharia com planata  257 
glucose 141, 144 
Glyceria  78, 83, 88 , 90-93  
m axim a  79
Glycerietum aquaticae 121 
Gomphonem a  54 
acum inatum  51, 55 
constrictum  239 
herculeana  51, 54, 55 
parvu lum  51, 54, 55 
Graptodytes p ic tus  269, 270 
Graptoleberis testudinaria  282 
grass carp 103 
growth 273, 275 — 278 
annual, in length 275 
G uignotus p u sillu s  270 
G ym nodin ium  239 
G yrinus m arinus  270 
Gyrosigma attenuatum  239, 241 
gyttja  168-174, 177, 178
H ali p lu s con fin is  269, 270 
flavicollis 269, 270 
im m aculatus  269 
obliquus 269, 270 
ruficollis  269, 270 
hatching 202, 203 
HCO7  65, 97, 98, 169-174, 234 
H 2C 0 3 191, 207 
H eleidae 258 
H eliophrya riederi 267 
Helochares liv idus  270 
H elophorus m in u tu s  270 
H em iclepsis m arginata  257 
H eteroptera 250-253  
heterotherm ic zone 294 
H exarthra  201 
fen n ica  197—199, 202 
Hirudinoidea 250-253, 256, 258 
H olopedium  gibberum  283 
H.,S 141, 149, 177, 181, 183, 184, 187, 
189, 191, 193
H ydracarina 250-253, 256, 258 
Hydrodrom a despiciens 252 
hydrogen (H + ) 176, 190, 191 
H ydroporus pa lustris  270 
p lanus  270
H ygrotus inaequalis 269, 270
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H yp h yd ru s ovatus 269, 270 
hypolim nion 143, 177, 294
I ly b iu s  fu lig in o su s  270 
Inseota 242, 243 
insecticides 183
interstitial water 24, 149, 152 
Ischnura  pum ilio  250-253  
Isopoda 250-253
K +  65, 113, 114, 117, 118, 120-122, 
169-174
K eratella  cochlearis 242, 243, 248 
quadrata  216, 217 
var. curvicornis 242 
Keratococcus caudatus 226, 227
Laccobius m inu tu s  269, 270 
sinua tu s  270
Laccophilus m in u tu s  269, 270 
lake 46, 305 
Lake Aegean, 242, 243 
Babine 46 
Baikal 59
B alaton 29, 34, 66 , 109, 135, 149-154, 
168, 215-218, 220-222, 225, 228, 
230, 273-275, 278, 279 
Belső 150
B eldany 141, 142, 144 
Biw a 161
Bodensee-U ntersee 21, 26—27 
Castoria 233-238, 240, 242-244  
Cedar 46 
Constance 21 
Crater 46
Dojran 241, 243, 255-263
D unlop 46
E ast W innipeg 46
Erie 154
Erken 135
Esrom  46, 157, 161
Fehér 181, 186, 193
Great Slave 46
Guzianka 141, 142, 144, 145
K obyli 113, 118, 121
K olksee 149
Lawrence 161, 162
Mamry 141, 142, 144, 145
Marion 46
Mikolajskie 100, 141, 142, 158, 161-163  
M innewanka 205 
N anek 46
Neusiedler 135, 136, 138, 197, 198 
N idzkie 141, 142, 144, 145, 147 
Obersee 265-271  
Odell 46
Ohrid 285, 286, 298, 291, 292, 294 
Ontario 162 
Ostrov 243 
Owienko 46
Palié 181-184, 186, 187 
Peonic 255 
Petersko 243
Lake Prespa 294 
Ransaren 46 
Sevan 208 
Skadar 291, 294 
Sniardwy 141, 142 
Snowflake 206-213  
Superior 45, 46 
Suwa 163 
Szelíd 167-178  
Tahoe 46, 49, 51, 55-61  
Taltowisko 141, 142 
T om e Trask 46 
Trurnmen 154 
Ursee 154 
Valkiajarvi 46
Velence 150, 247, 248, 251, 252 
W arniak 103-107  
W eldo 46
W indermere 161, 162 
W innipeg 157 
lakes, Macedonian 240
Masurian 82, 141, 143-146 
Saskatchewan 157 
Lem na  gibba 125-127, 129, 130 
trisulca  25 
Lemnaceae 104 
Lem netum  gibbae 125 
length-w eight relationship 276 
Lepidoptera 250-253  
Leptodora k in d tii 217 
light 22, 31, 32, 36, 41-43, 80, 84-89, 
127, 149, 151 
lignin 141, 147 
lindane 183
littoral zone 26, 49, 50, 54, 56-61, 77, 
83, 85, 86 , 89, 90, 92, 93, 125, 
291
Lyngbya concerta 239, 241 
lim netica  239, 241 
nordgardii 51
M acrocyclops fu scu s  282 
macrofauna 247-253  
M astogloia sm ith ii 51 
M egacyclops gigas 283 
M elosira  225, 239, 241 
crenulata  51, 54, 55 
granulata  30, 239
var. angustissim a  72, 239 
varians 51
M esocyclops leuckarti 217, 218 
mesotrophic lakes 26, 35, 65, 141-145  
M etacineta m ystacina  267 
m etalim nion 14 9 
m ethane 190
Mg2 + 65, 113, 114, 118-122, 169-174  
M icrocystis aeruginosa  238 
flos-aquae 238 
M icronecta p u silla  252 
M icrospora  82 
mineralization 158 
M ixod iap tom us tatricus 282, 284 
Mn2+ 190
300
M o in a  rectirostris 282 
Mollusca 242, 243, 250-253  
M ougeotia genuflexa  51—55, 271 
m ortality  209, 273, 277 
annual 27(1,
mud 135, 181, 184, 185, 190, 191, 235, 
237
M yriophy llum  50
spicatum  248, 249, 251 
M yriophyU o-Potam etum  m yriophylletosum  
spicati 109
potam etosum  perfo lia ti 109
N a+  65, 97, 98, 113, 114, 118-122, 169- 
174
N allCO ^ 191
N a ja s  m arina  26, 248, 250 
nannoplankton 104-107 
N aSH  191 
N a„S03 191
N aucoris cimicoides 252 
N avicu la  aurora  51, 53, 55 
bacillum  51 
cocconeiformis 51 
elginensis 51 
p u p u la  51 
radiosa  51
N H 7 22, 141, 149, 169-174, 266 
N eid iu m  hitcheockii 51 
N em atoda 256, 258 
N ephrocytium  agardhianum  51 
nitrogen (N) 22-26, 82-88, 93, 113-122, 
130, 142, 175-177, 190, 267 
N itzsch ia  238 
acicularis 30 
com m unis  226-228  
linearis 51 
palea  72 
sigma  51
NOi" 22, 23, 82, 169-174 
NOi“ 22-23, 50, 82, 84, 169-174, 190, 
266
Nostoc microscopicum  51, 54 
N oterus clavicornis 269, 270 
Notholca longispina  242 
striata  242
N ym p h u la  nym pheata  252
Odonata 248, 250-253  
Oenanthe aquatica  130 
Ohrid bleak 290-294  
Oligochaeta 256, 259 
oligotrophic lakes 26, 35, 39, 44-45, 50, 
65, 162, 164, 208, 211, 268, 283, 294 
Ondatra zibethica 120, 121 
open water 86 , 90, 127, 150 
Opephora am ericana  51 
Orthoeladiinae 252 
Oscillatoria lim netica  239, 241 
lim osa  74 
tenu is  51
Ostraeoda 256, 258 
oxidation pond 150-152, 187
oxygen (0.,) 22, 23, 78-80, 82-85, 87-91, 
143, Í50, 151, 176, 177, 181, 184,
185, 190, 191, 234, 281 
oxygen balance 151, 152
Pacifastacus leniusculus 60 
P andorina m orum  239 
P araponyx stratiotata 252 
P/ В  ratio 106, 107, 206, 209-212, 276, 
279
Pedalia bulgarica 281 
Pedalion m irum  242, 243 
P ediastrum  boryanum  239 
var. granulátum  239 
clathratum  239 
duplex  240, 241
sculptatum  tétras var. létrádon 51 
sim plex  239
var. radians 240 
tétras 240
pelagic zone 26, 29, 58, 59, 77, 82, 85, 90 
Peltodytes caesus 270 
P erid in ium  239 
p u sillum  51
periphyton 50-58, 60, 61, 77-81, 83, 
85-89, 91-93, 208
pH  36, 82, 84-89, 98, 113, 114, 149, 
153, 154, 169-175, 192, 193, 207, 
234, 266, 281, 284 
Phacus 239, 240 
pleuronectes 239 
P horm id ium  mucicola 239 
phosphate (P 0 4) 22-24, 82, 84, 114, 130,
141, 149, 152-154, 169-175, 184,
186, 190, 266
phosphorus (P) 22-24, 26, 50, 64, 6 6 , 
69, 71, 82, 84, 113-118, 120-122, 
130, 153, 154, 176, 222, 267 
photoinhibition 32
Phragm ites 24, 78, 80, 81, 83, 85, 87-91, 
93, 121, 129
com m unis 21, 79. 103, 120, 125-128,
142, 146
phytoplankton 22, 29, 30. 50, 56, 58 — 61, 
65, 67, 69-73, 77, 78, 83, 85-93, 
104-108, 141-142, 146, 158, 163, 
177, 208-210, 233, 234, 238, 240, 
241, 244, 279, 285, 289 
pike perch 103, 273-279  
P innu la ria  biceps 51 
rupestris  51 
P iona  252
Piscicola geometra 252 
Planctom yces bekefii 73 
crassus 71, 73
plankton 106, 203, 213, 215, 240, 244, 
289, 290, 294 
crustacean 207 
Planorbis spirorbis 252 
P leurotaenium  51 
Ploesoma truncatum  242 
P 20 5 184
pollution 146, 181, 186, 247, 273
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Polyarthra dolychoptera 281 
euryptera  242, 243 
Irigla 242, 243 
vulgaris 216, 217 
polytrophic lakes 65, 66 , 144 
Pom pholyx complanata 242 
sulcata 216, 217
Pond, Bluehill N orth 39-41, 43-46  
South 38-46  
K ékes 168 
Linsley 154 
Minchin 38-46  
O patovickÿ 77, 91 
Pine H ill 38-40, 43-46  
Teardrop 206—213 
Y ude N orth 38-40, 43-46  
pope 276
Potamogeton 26, 103 
crispus 50
pectinatus 130, 248-250  
Potamonectes canaliculat. 270 
depressus elegáns 269, 270 
Prespa bleak 291, 292, 294 
production, algal 32, 33, 36, 41, 99, 100, 
104-107, 279, 285
annual prim ary 30-34, 91-93, 212, 273, 
277
bacterial 139 
fish 183, 211, 273 
net 276
shoot 109, 111, 120 
Protococcales 239-241  
Protozoa 60, 242 
P yrrophyta 29, 30, 239-241
Ranunculus sceleratus 130 
redox potential 149—151, 185, 190 
reed 21, 24-27, 116, 125, 127, 129, 142, 150 
reedswam p 113, 125 
R iccia rhenana 125 
Riccietum  rhenanae 125 
R iver Danube 97, 99, 100, 167, 181, 186, 
189, 193, 283 
Körös 193 
N ile 120 
R hein 21
Tisza 181, 189, 193 
Truckee 49
Upper Truckee 49, 52, 53, 55, 58, 6 fl 
Zala 34, 150
Rivulogam m atus triacanthus 257 
R habdocoela 256, 258 
Rhantus exoletus 270 
pulverosus 270 
R hipalodia gibba 51, 53, 55 
Rhizosolenia longiseta 71-73  
Rhynchotalona ja lca ta  282 
R otatoria 197, 207, 215-219, 222, 242, 
243, 281, 294
Salm o clarki 206, 207 
gairdneri 206 
letnica  287, 294
salm onids 287
Salm othym us ochridanus 287 
Salvelinus fon tinalis  206 
namaycush  211 
Scapholeberis mucronata 282 
Scarodytes halensis 269, 270 
Scenedesmus 60, 225-230, 240 
obliquus 240 
obtusiusculus 226, 227 
quadricauda  240, 241 
Schoenoplectus 78, 80-82, 8 6 , 87, 90-92  
lacustris 79
Scirpion  m aritim us 125 
S  cirpo- P  hragmitetum schoenoplectetosu m 
lacustris 109 
Scytonem a myachrous 51 
sedim entation 137, 149-154, 158-164,
167-177, 181, 248 
annual 161 
silver carp 103 
Simocephalus vetidus 282
5102 118, 169-175, 177, 178, 234
5103 50, 169-174  
Skadar bleak 291-293  
soda 186, 187, 189-193  
solonchak-type soils 189-192  
solonetz-type soils 189-193  
Sphaeriidae 256 
Sphaerocystis schroeteri 51 
Spirogyra  51, 54 
sport-fisheries 206, 212, 278 
Staurastrum  240 
Stephanodiscus astrea 51 
Stichococcus bacillaris 226, 227 
Stigeoclonium farctum  80, 82, 83 
Stizostedion lucioperca 273, 274, 277 
Stratiotes aloides 103 
Straurastrum  natator 51
sulphate (S 0 4) 114, 118, 169-177, 191 
266
reduction 176, 183, 184, 186, 187, 190, 
191, 193
sulphur (S) 176, 184, 191 
Surirella  239 
didym a  51 
robusta 30 
Sym petrum  250-253  
Synedra  239, 241
actinastroides 51, 53, 54 
ulna  51, 53, 54, 55, 239 
spathulifera  51
Tabellaria  239 
flocculosa 51 
T eleostei 292
tem perature 25, 26, 36, 50, 60, 74, 75, 
82, 85-89, 97, 98, 126, 127, 129, 
149, 150, 152, 190, 197-204, 225, 
229, 230, 234, 281, 289, 292 
Tetraedron limneticum  240, 241 
Thermocyclops hyalinus 242, 243 
Tolypothrix  51, 54 
Trachelomonas volvocina 73
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transparency 31, 35, 49, 61, 82, 184, 
234
Tribonem a  82, 271 
Trichocerca birostris 242 
capucina  242 
p u silla  242
Trichoptera 248, 250-253  
Triclada 256, 258 
Trypetum  natan tis  109 
T yp h a  116-122, 129-130  
angustifolia  120, 125-128  
latifolia  113-115
U lothrix  51, 54 
TJnio p ictorum  256 
Uroglena volvox 73 
U tricularia  91, 92 
neglecta 79, 92 
vulgaris 248, 250, 251
Valvata p isc ina lis  257 
Vaucheria dichotoma 247-251  
Veronica anaqalis-aquatica  130 
vertical distribution 31, 32, 40, 215, 235, 
236, 238, 244, 286 
V olvocales 89, 239
water-bloom 78, 88-90, 104, 152, 220, 
240
wild carp 184 
W inkler’s method 78, 141 
worms 185, 186
zoobenthos 103, 256, 259, 262-263  
zooplankton 65, 103, 108, 139, 142, 146, 
157, 177, 197, 206, 207, 209, 210, 
212, 213, 215, 233, 234, 241, 242, 
244, 245, 256, 283-285, 287 
Zygnem a  51, 54, 55
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SA CH V ERZEICH N IS
A lkalinität 98 
A ssim ilationsgrad 228 
A ssim ilationsindex 226, 227 
A ufwuchs 268-271  
A usnutzung 227
B enthosfonnen 28 1 
Bruttoprim ärproduktion 99-101
Chlorophyllgehalt 6 6 , 67, 69, 70 
Ciliaten 266-271  
Ciliatenzönose 267-270
D urchsichtigkeit 97 
D ytisciden  271
Entom ostraken 282, 284
G esam thärte 266, 281 
Glazialseen 281 
Gyriniden 271
H alipliden 271 
H olotrichen 268 
H ydraeniden 271 
H ydrophiliden 271
Käfer 270
K ieselalgen 227, 284 
K ohlenstoff 227, 230 
K om pensationstiefe 101 
Krebse 225, 226, 230
L icht 97, 98 
Litoralzone 265, 269, 281
M akrophytenbestand 74, 109
Nahrungsausnutzung 225, 228-230  
Natrongewässer 97, 98, 100
Peritrichen 268
Sauerstoff 65-70, 97-101, 281 
See N agyszéktó von K istelek 97-100  
Spirotrichen 268 
Stausee 63-65, 74, 75
»Herman Ottó-tó« 63—70, 72-75  
»Kovácsszénájai-tó« 63 
»Orfűi-tó« 63, 65-72, 74 
»Pécsi-tó« 63, 65-74  
Stickstoff 64-71  
Suktorienarten 267 
Szintillationseinrichtung 226
Talsperre 268 
Transmission 97 
Trophität 63, 64, 69, 72, 74 
Trübheit 98
Vegetationsfärbung 67 
Verschm utzungen 74
W asserblüte 74 
W asserkäfer 265, 268-271
Zoozönosen 271
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